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Neutrinos

+ Neutrinos can be described in one of two bases, the weak (v, v, V 2
eigenstates when they are created and detected and the mass

(v, v, v3) eigenstates when they fravel through space
<« Neutrinos can oscillate between ’rhe three flavor states

flavor eigenstates | Vo) E PRI 72 mass eigenstates

unitary mlxmg matrix

—— —

1 0 0 C13 0 8136_i6 C12 S192 0
U= 0 Co3 S$23 0 1 0 —S12 C12 0
0 —S8923 Co3 —813616 0 C13 0 0 1
atmospheric atmospheric solar
Vu—>VT Vu_)ve Ve_)v‘r,u

cij = cosb;; Sij = sinby;

« Oscillation probabilities depend on the mass splittings
« Sensitivity to a mass splitting depends on L/E of the experiment



v

Neutrino mass squared

Neutrinos: What we know
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TarXiv:1103.0340v1 [hep-ex] 2 Mar 2011
*Phys.Rev.D.83.052002 (2011)
*Preliminary results from SuperK at Neutrino 2010
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Fractional flavor content with varying cos §
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Neutrino mass squared

Neutrinos: What we don’t know
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€13 0 s13e % C12 S12 0
0 1 0 —S512 C12 0
—813615 0 C13 0 0 1
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Qverted HierarcD

Fractional flavor content with varying cos §

+ Osclillations between v, and v,
at the atmospheric oscillation
length have not yet been
observed

<« Neutrino mass hierarchy
unknown

< Individual masses are unknown
% Ocp IS UNCoNstrained

<« Limits have been sef on 05:
2sin?(2613) sin? fag < 0.12(0.20)

#arXiv:1006.0996v1 [hep-ex] 4 Jun 2010
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« NOVA is a second generation
neutrino oscillation experiment in
the NUMI beam

<« Consists of two mostly active
detectors filled with liquid
scintillator. Near detector will be
used to understand the beam at its
source, and the far detector to
measure oscillations.
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Off-Axis

4 ‘A’r 14mrqd off-axis most pion
decays result in 2GeV neutrinos
- 0 = 14 mrad
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<« T4mrad off-axis produces a
narrow beam band peaked af
~2GeV to maximize oscillation
probability

+ v, CC events which are a major
bockground in MINOS are absent

Vi CCevents / kt/ 1E21 POT /0.2 GeV

Medium Energy Tune

N * on- ax1s
80 7 mrad off-axis

| —— 14 mrad off-ax

is

| —— 21 mrad off-axis

< No high energy tail > reduces
high energy neutral current

intferactions

that could be
background
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Detectors

/

+ A large detector and powerful %
M

beam are required to observe \
V, ™ Ve oscillations because itis ||
a subdominant mode \
<« Far detector will hqve 15kT total -LL\LLLL
mass and 70% scintillator somtl]

Far
Detector

Near
Detector

o Near detector will have 206 ton total mass
_ =« Made up of the same extrusions and

scintillator as the far detector 2> events
look the same in both detectors,
, systematics cancel

Somd - 6 samples per radiation length in NOVA
—_— g <> corresponds to < 1samples per radiation
vvvvv R\ > *‘:lf’«e I length in MINOS
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Expected Event Rate
« Remove obvious background by
making cuts on certain variables.
200 Optimize cuts by calculating a
: ——NC fi f merit (FoM
1801 1 igure of merit (FOM)
1601 v, CC Folf — stgnal
"UE) 140}  ypeam 4 y-beAm o vbackground
g) 120? v, signal Type of Interaction No. of Events
W 1001 v, CC 2500
- NC 2200
80 3 years of exposure . .
. . . eam eam
601 running in a neutrino Ve oM + v, %M CC —
- i 270
wof | beam v, signal
205 1 FoM 3.9
0: g e Y T s [ o N
0 2 4 6 8 10 12 14 16
_ MINOS Comparison (at CHOOZ limit):
Neutrino Energy (GeV)

FoM =4



Events

Variables To Cut On

Selected |

Events

Visible Energy

Visible Energy - unit of
energy based on
summed photoelectrons
seen in the detector
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No. of Planes - length
of an event
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Continuous No. of Planes

Continuous No. of
Planes - the length of
a set of consecutive
planes with hits in them
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Nno cufts with simple cuts
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Sensitivity

v
90% CL Sensitivity to sln2(2e13) =0
2
NOvA
1.8 |
1.6
14 | i3
1.2 =
1 — L=810 km, 15 kT
Am,,2=2.4 107 eV?
0.8 | sin“(20,,) =1
0.6 — N 3 years at 700 kW,
S 1.2 MW, and 2.3 MW
04 | ": s for each vand v
o —_— Am2 =0
0.2 | v — Am? <0
0 i PR T al at 1 ": 1 | T ST T T T N PR N T T
0 0.005 0.01 0.015 0.02 0.025

0.03

2 sin®(6,,) sin®(260,,)

90% C.L for NO v A seeing
v,— V, oscillations

« A full PID will take info account
detailed features of shower
shape and energy deposition
profiles

No Simple Full
Cuts Cuts PID
FoM 3.9 7.1 18

« Development has been done on
MC

« To verify the ability to achieve
the desired level of signal/
background separation, real
data is needed
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W\Near Detector On the Surface (NDOS)

<« Near detector constructed on the surface in Fall 2010
« Currently taking data from the NuMI beam and the Booster beam
~107mrad off-axis

e J

- < EXpected event rates for the
m \F-l  NDOS for 2x1020 POT in the

| low-energy (LE) configuration
and assuming a 20 ton
fiducial mass

vBeam v, +V, v +V,

: /1 J iv‘l',(( . / j.-:.‘_ = _ /
data ?Onbﬁnﬂftq. n CC Events 4500 200

e : (r ’ N
g 7N ' S v NC Events 2000

vV Beam v, +V, V. +V,
; CC Events 3300 160
horizontal planes
NC Evenfs 1600

C
!

side view '



First Look at NDOS Data
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First Look at NDOS Data
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First Look at NDOS Data
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Conclusion

+ NOVA has the abllity fo observe oscillations between v, and v,, an

oscillation that has not yet been observed at the atmospheric
oscillation length

= NOVA will have an order of magnitude better sensitivity to 8,5 than
MINQOS, will be able to make initial measurements on the still

unconstrained d.p, and will be able fo make a first estimate at the
mass hierarchy

<« NDOS is currently taking data from the NuMI beam and Booster beam

<« NDOS will be used to verify the ability to separate signal/background



