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Physics goals
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Physics goals

vy, — Ve and Uy, — Ve
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Measure 613 via v, appearance
» Determine the 6,3 octant

» Determine the mass hierarchy
Search for dcp # 0
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» Precision measurements of
2
|Am3,,| and 623

» Could exclude maximal mixing

NOVA Far Detecto Ash'River, MN)
3 MINOS Far Detes n, M

2 Milwaukee

And... Along-baseline neutrino\ | .

oscillation experiment,
_ ) situated 14 mrad off
» Steriles, supernovae, exotica the NuMI beam axis

» Cross-sections from the ND
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The NOvA Collaboration

~200 scientists and engineers from ~30 institutions

v
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Detector technology o To 1 APD pixe

Extruded PVC cells filled with
10:2M liters of scintillator
instrumented with
wavelength-shifting fibre and
APDs

%2,

v

Fine-grained low-Z, highly active, tracking calorimeter

v

64% liquid scintillator by mass

WLS fibres looped in 4x6cm cells of PVC extrusion
Each to one of 32 pixels of Hamamatsu APD

~85% quantum eff. Gain ~100x. Cooled to —15°C
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Detector technology

Extruded PVC cells filled with
10:2M liters of scintillator
instrumented with
wavelength-shifting fibre and
APDs

Far Detector
» 14 kton
» 344,000 channels

C. Backhouse (Caltech)

Near Detector
» 0.3 kton
» 18,000 channels

NOvA

To 1 APD pixel
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Event topologies
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(simulated events with 2 GeV visible)

» Very good granularity, especially considering scale

» Xo = 38cm (6 cell depths, 10 cell widths)
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Near Detector p rotot

e!(NDOS)

» Operating since April 2011
» Test component production and integration
» DAQ development

» Calibration, simulation, reconstruction development with real data
C. Backhouse (Caltech) NOvA 6 /21



Near Detector prototype (NDOS)
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Near Detector prototype (NDOS)
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» We have collected a large number of
neutrino events from the NuMI and Booster
beams
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Calibration

NDOS cosmic data - vertical cell
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Use cosmic muons to measure
attenuation and light-level in situ

#15 Enrique Arrieta Diaz “Calibration
and Reconstruction in the NOvA
Detectors”
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Time to muon [jisec]

Large sample of Michel electrons from
stopping muons

Study low-energy modelling
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Near Detector underground

» Work started on cavern excavation
» Possible access March 2013
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» Work started on cavern excavation
» Possible access March 2013
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Far Detector buildin
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First Far Detector block

Each detector block:
190 metric tons

of extruded and laminated PVC

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block

Block Construction:

{

-~ 4Weeks—

http://www.youtube.com/watch?v=gFpK00WJI90
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

~ Stacking Modules " Staging Modules

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

384 PVC modules
form a stack 51 feet Wide,
51 feet deep and 7-feethigh.

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

——

by 90 degrees for eachlayer
to provide particle tracking,ability
and structural strength.

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

Crews worked two shifts
for four weeks to complete
the gluing and stackipg.

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block

-

for four weeks to complete
the gluing and stacking.

rer E:g N
http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

When finished, the block will be pivoted
upright and moved 300 feet (~ 91 meters)
to tl)e far end-of -the detector hall.

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

At that'time it will be outfitted with
sophisticated optics and electronics, filled with/a
liquid scmtlllator and WIII weigh 500 tons.

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block
e

This process will be repeated
28 times to complete the
detector.

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

When complete, it may be
the largest self-supported
- plastic structure on the planet.

— - - — - —

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

—

A light-tight coating' |
is applied to the top layer tomgy
ensure the accuracy_of
the detector's sensitivity::

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

e

and ' empty" deIec*to'ﬁ blockag
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http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

-

The pivoter /transporter
and "empty" detector; blockuy
welgh 529 metrlc tons

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block

- ; “ \
The pivoter / transporter-T 5

,and "empty" detectof; blockiiy
ob welgh 529 metric tons "

4 Fm_
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First Far Detector block

N
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First Far Detector block
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http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”

C. Backhouse (Caltech) NOvA



http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

4 I -

http://www.youtube.com/watch?v=gFpK00WJI90
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First Far Detector block

" and detector block takes: only 10 minutes

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”

C. Backhouse (Caltech) NOvA 1 /21


http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”

C. Backhouse (Caltech) NOvA 1 /21


http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

frit tons of pivoter ;
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74 L /
afric tons of pivoter |~
€k takes only 10 minutes
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First Far Detector block

—

6y o WEEEEEE N N

5. The crew removes the
detector block from the pivoter
and,returns thejpivoter to assemble
the next detectoriblock.

% \.s x 4
http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block

. 1 NE Crew.removes the-
detector block from the pivoter,
and returns the pivoter to assemble
the next detector block.

-
http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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First Far Detector block

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”

C. Backhouse (Caltech) NOvA



http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block
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http://www.youtube.com/watch?v=gFpK00WJI90
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First Far Detector block
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First Far Detector block
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First Far Detector block

http://www.youtube.com/watch?v=gFpK00WJI90
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

Thanks to the NOVA crew!

http://www.youtube.com/watch?v=gFpK00WJI90
#14 Mathew Meuther “NOvA Construction Status”
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http://www.youtube.com/watch?v=gFpK00WJl90

First Far Detector block

One down, 27 to go!

C. Backhouse (Caltech) NOvA 12 /21



Accelerator and NuMI upgrades

. Medium Energy Tune
» NuMI being upgraded from R :
350kW to 700kW 7 mrad off-axis
[ — 14 mrad off-axis

[ — 21 mrad off-axis

» l-year shutdown, began May 1 .
60 |- ; " .

» Convert Recycler to protons

from antiprotons

» Shorten Main Injector cycle
2.25—1.33s

» Overhaul of NuMI target station

v, CCevents / kt/ 1E21 POT /0.2 GeV

2 4 6 8 10
» Beam returns May 2013 E, (GeV)

» 6-9 month ramp-up to full power 14mrad off-axis beam peaks sharply at 2GeV

C. Backhouse (Caltech) NOvA 13 /21



Exposure assumptions and early reach

NOVA early reach
20 lj;xposure assumptions (ver: Apr 2012 7) 300
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» 5kton when beam returns. 700kW in six months. 14kton in May 2014
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Exposure assumptions and early reach

NOVA early reach

; sin*(20,,)=0.095, sin’(20,,)=1.00, §=0 (ver: Apr 2012)
— 6F : =
o L = Am>>0 ]
s F o AMO :
g5 : -
< C e
5 C .
& L -
o 4 —]
S E 7
> F 7
BT S s S i S Rt =
8 ¢ 7
2 r 7
8 - —
g 2 .
= “F ]
o0 -
x C 7

1= -

b Ll .

2 %, e <%, e 4, Ve

“ % % & “ « “

2 % 90/7 20’? s s 90/6

» 50 observation of v, appearance within first year (assumes NH, § = 0)

» With detector still under construction and beam commissioning
C. Backhouse (Caltech) NOvA 14 /21



Sensitivities

v

v

v

v

v

v

Assuming 3 years v-mode + 3 years 7-mode @ 6 x 1020 POT /yr

Start in neutrino mode

Can switch to antineutrinos at any time based on our or others’ results

Take sin 2613 = 0.095

Representative event counts for v, — ve analysis

Vary dependending on specific oscillation parameters

C. Backhouse (Caltech)

14 14

NC | 19 | 10

v, CC| 5| <1
ve CC| 8 5
tot bkg | 32 | 15
v, — Ve | 68| 32

NOvA
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Principle of the v, measurement

P(¥,) vs. P(v,) for sin®(26,,) = 1

.’:“' 0.09 [ NOVA L
» To first order, NOvA B ogm | i ™
[ sin(26,7) = 0.
measures P(v, — ve) S0 (28,,) =100
— — 0.07 |
and P(7, — Ue) i
evaluated at 2GeV 006 |- o
F 5 El
005 [
. Aam?< 0 B
» These depend differently 0:04
: 2
on sign(Am*<) and §
& ( ) P 003 [ Am?>0
. . 002 F03=0
> #16 Gavin Davies ° 5=m2
] - . . o =
Neutrino Physics with 001 |y §=§n,2
the NOVA Detectors” a Eu ‘ | L L
0 0.02 0.04 0.06 0.08

P(v,)
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Principle of the v, measurement

1 and 2 ¢ Contours for Starred Point

= 009 | T
H o [ Contours 3yrvand 3yr v
» Measurements give an 008 | A, = 232 10° 0V*
; ; ; b sin®(26,,) = 0.095
allowed region in this sz b g
space i
006 [ o
> In this case all inverted 0.05 S
) . Am°< 0 Q
hierarchy scenarios are 0.04 b
excluded at >20 ;
0.03
. . 002 F03=0
> #16 Gavin Davies ° 5=m2
u . . . 0d=n
Neutrino Physics with 001 | w §=3m/2
the NOVA Detectors” d 1
0 0.02
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Significance to resolve hierarchy

NOVA hierarchy resolution, 3+3 yr (v+¥) NOVA hierarchy resolution, 3+3 yr (v+V)
5in(26,;)=0.095, sin’(26,,)=1.00 A 5in’(20,,)=0.095, sin*(28,,)=1.00, Am*>0
_a0b 09E
e C 2 m’>( E
: m <o . st
£ 25 E
zr % 07F
g F - E
= 2.0 “© 0.6F
$ ; 2 ost
: K g osf
s
£ 10f 03F
g F 02F AN
7 0.51 E \
£ 0.1F
00Ci Lo ST NA T et LT ) N N AEEI SR I S
0 0l 02 03 04 05 06 07 08 09 I 0 05 1 15 2 25 3 35
8/(2m) significance of hierarchy resolution (G)

» For favourable values of 0 we can measure the hierarchy at high
significance

» There also exist degenerate scenarios
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Significance to resolve hierarchy

significance of hierarchy resolution ()

NOVA hierarchy resolution, 3+3 yr (v+V)
5in(26,;)=0.095, sin’(26,,)=1.00

Includes T2K v, —v, at 5.5¢10% p.o.t.

14\/\

m’<0), deza.

/

\

8/(2m)

» For favourable values of 0 we can measure the hierarchy at high

significance

0.2 0.3 0.4 0.5 0.6

fraction of &

NOVA hierarchy resolution, 343 yr (v+7)

A 5in’(20,,)=0.095, sin’(20,,)=1, Am*>0 _ Includes T2K v, —v, at 5.5x10% p.o.t

£ O

0.1

» There also exist degenerate scenarios

05

significance of hierarchy resolution (G)

» Matter effects have a much smaller impact on T2K

» Help to break the degeneracies

C. Backhouse (Caltech)
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v, analysis

v,+v, Quasielastic CC Events

’ SEN ‘ 2 M onrmmava ]
4 [ 18x10%° POT v Run i > F 02] lducial —— 1o CL
% 18x10°POT¥Run | | mCD 2.6518"1020 POTv 20 CL
E 14 kton Fiducial b F 18x10™ POTV Input Parameter
30 Tosl .
8 sin?(20,3) = 1 o F ;
Y 8 F e~ —
- 20 € 24f ( \/ \
N F \ { ™
€ < F \ DN
g 10 2.3; ,,J \
1] r o -
c I I L 2.2*1 | 1
0 1 2 3 0.8 0.85 0.9

Energy (GeV)

» Current constraints on sin? 2623 >0.9

» NOvA can distinguish these cases from maximal mixing
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Determining the octant of 63

=~ Contours 3 yrvand 3 yrv NOvA
b [Am,,2| = 2.3210° eV?
0.08 | sin’(26,,) = 0.095
sin’(20,;) = 0.95 o
007 | [ R
0.06 |-
005 |
0.04
0.03
002 |-
001 |-
o . | | .
o 0.02 0.04 0.06 0.08

If it turns out 63 # 45°, is it bigger or smaller?
> Affects v, probabilities. In same sense, contrasting with hierarchy and
dcp's opposite sense
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Determining the octant of 63

Example NOVA 1o and 26 contours, 3+3 yr (V+V)

. 4sin1(29”):0.095. sin’(20,,)=0.95

Contours 3yrvand 3yr v NOvA
[Am,,2| = 2.3210° eV? C
0.08 | sin’(26,,) = 0.095 C
sin’(20,;) = 0.95 © | B S R T Lt e oy s
007 |- [ 9&4 E : ( *
oo 1.2F
0.06 E Tl
R i e S R R s S
0.05 | O
<
o 1.0
004 | =2 C
a £
003 [ 09¢
0.02 081 B
C | =Am™>0
001 | 0.7 —Am’<0
E  test point (NH)
o . L L ! 1Y) A rravar Brararard INEP ISP PN ISR ISR IS S
0 0.02 0.04 0.06 0.08 0 0.1 0.2 0.3 0.4 0.5 0.8
P(v,) 8/(2m)

If it turns out 63 # 45°, is it bigger or smaller?

dcp's opposite sense

dcp space (at 20)

C. Backhouse (Caltech)
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> Affects v, probabilities. In same sense, contrasting with hierarchy and

Here we determine hierarchy and octant (>20) and rule out half of
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Determining the octant of 63

Contours 3 yrvand 3yr v NOvA
[Am,,2| = 2.3210° eV?

sin’(20,;) = 0.095

sin’(20,;) = 0.95 )

| X

[-4

o

&
T

2sin’(6,)

Example NOVA 1o and 26 contours, 3+3 yr (V+V)

. 4sin1(26”):0.095. sin’(20,,)=0.95

T =am’0
= Am’<0

* test point (NH)
1Y i s e W

T T [T [T [ T[T,

L L L
[} 0.02 0.04 0.06

0 01 02 03 04

0.
8/

If it turns out 63 # 45°, is it bigger or smaller?

5
2m)

0.8

> Affects v, probabilities. In same sense, contrasting with hierarchy and

dcp's opposite sense

> In a degenerate case hierarchy and ¢ information are coupled, octant

is not

C. Backhouse (Caltech)
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Conclusion

v

Gained experience with NDQOS operation
First FD block!
NuMI upgrade in progress

v

v

v

First neutrino events in partial FD next Spring

v

Large 613 — sensitivity to hierarchy, dcp, and 023 octant

v

Developing analyses for first data

Follow us at twitter.com/novanuz or facebook.com/novaexperiment
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