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NOνA Physics Potential

NOνA Physics Potential1

NOνA can address 7 of
the 8 questions posed by the
P5 strategic plan for neutrino
physics by:

• intense ν beam - 700 kW

• Off-axis (lower backgrounds)

• Long baseline ( 810 km)

• 73% active detector

• 14 kt total mass

• What is the value of θ13?

• Do neutrino oscillations violate CP?

• What are the relative masses of the three
known neutrinos?

• Is θ23 maximal (45 degrees)?

• Are neutrinos their own anti-particles?

• What can we learn from observation of the
intense flux of neutrinos from a supernova
within our galaxy?

• What can neutrinos reveal about other
astrophysical phenomena?

• What can neutrinos tell us about new physics
beyond the SM, dark energy, extra dimensions?
Do sterile neutrinos exist?

1Assume 3 years neutrino + 3 years anti-neutrino beam at 0.7, 1.2 , or 2.3 MW.
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NOνA Physics Potential

NOνA Physics Potential - θ13

Figure 3: Bounds on θ13 from different data sets available in 2008.

2.3. Combination of all oscillation data (2008)

We have presented two hints in favor of θ13 > 0, one coming from the analysis of

solar+KamLAND data [Eq.(1)], and another one from the analysis of published SK-I
atmospheric data, together with disappearance constraints from CHOOZ νe and LBL

νµ data [Eq. (2)]. As previously discussed, the second hint appears to have a more
fragile status than the first, but we have no compelling reason to revise it at present.

Then, by merging the results in Eqs. (1) and (2) in a global neutrino data analysis,

we obtain 30):

sin2 θ13 ≃ 0.016± 0.010 (1σ, All Data, 2008) , (3)

which represents an intriguing indication in favor of θ13 > 0 at the 90% C.L. (∼1.6σ).

Figure 3 summarizes our findings, by showing the n-σ curves (n-σ =
√

∆χ2) as a
function of sin2 θ13 (all other oscillation parameters being marginalized) for different

combinations of data sets available in 2008. The global combination (thick solid
curve) provides, at 1σ, the range reported in Eq. (3).

G. L. Fogli, et al. arXiv:0905.3549
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FIG. 3: Allowed regions from the solar and KamLAND data pro-
jected in the (tan2 θ12, sin2 θ13) plane for the three-flavor analysis.

are free parameters and are unconstrained to avoid any Earth
model dependence. Theα1→4 parametrize the uncertainties
on the reactorνe spectra and energy scale, the event rate,
and the energy dependent efficiencies; these parameters are
allowed to vary in the analysis but are constrained by term
(iv). The background energy scale uncertainties are estimated
to contribute at most an additional 0.5% to the error on the
event rate and are neglected in this analysis. The prompt
energy spectrum shape likelihood term (ii) is evaluated as a
function of the candidate event time. The detailed knowl-
edge of the time evolution of the total reactorνe spectrum
and effective baseline, afforded by the reactor fuel composi-
tion and power data provided by the Japanese reactor oper-
ators, is thus fully utilized in the analysis. Variations inthe
total observed spectrum shape with time due to changes in
the background levels—especially the13C(α, n)16O reduc-
tion from the LS purification—are also exploited by this term.
The spectrum shape likelihood term allows an Earth-model-
independent constraint of the geo-νe contribution since the U
and Th decay spectra are known independently of the Earth
model. A globalχ2-scan of the (θ12, θ13, ∆m2

21) oscillation
parameter space is carried out, minimizingχ2 with respect to
NBG1→5, Ngeo

U,Th andα1→4.
In our analysis of the solar neutrino data, we include

the rates in the chlorine [6] and gallium [7] experiments,
Borexino [11], SNO III [10], the zenith spectra in Super-
Kamiokande phase I [8], and the day-night spectra in SNO
phase I and II [9]. The measured fluxes are compared
with the high-metallicity standard solar model predictions
(GS98) [44].

For the three-flavor KamLAND-only analysis, without
any constraints onθ13 from other oscillation experiments,
the best-fit oscillation parameter values are∆m2

21 =
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FIG. 4: ∆χ2-profiles projected onto thesin2 θ13 axis for different
combinations of the oscillation data floating the undisplayed param-
eters (tan2 θ12, ∆m2

21).

7.49+0.20
−0.20 × 10−5 eV2, tan2 θ12 = 0.436+0.102

−0.081 and
sin2 θ13 = 0.032+0.037

−0.037 (< 0.094 at the 90% C.L.). The two-
flavor oscillation treatment using Eq. (7), as presented previ-
ously [3], is a special case of the three-flavor treatment with
θ13 = 0. For this case the best-fit oscillation parameters
from the KamLAND-only analysis are∆m2

21 = 7.50+0.20
−0.20 ×

10−5 eV2 and tan2 θ12 = 0.492+0.086
−0.067. In the KamLAND

data,θ13 is expected to contribute only an energy-independent
event rate suppression and we find almost no effect on the
∆m2

21 measurement whenθ13 is included as a free parame-
ter. Figure 1 shows the prompt energy spectrum of candidate
events in KamLAND together with the best-fit background
and reactorνe spectra for the three-flavor fit to the KamLAND
data. The fit estimates 82 and 26 events from U and Th geo-
νe’s, respectively, in agreement with the reference model.

Figure 2 compares the allowed regions in the
(tan2 θ12, ∆m2

21) plane from the two- and three-flavor
oscillation analyses. We find (Figure 2(a)) that the al-
lowed region from the solar data is in agreement with the
KamLAND data, and the small tension between the two-
flavor best-fit values ofθ12, discussed previously in [23, 45],
has eased. AssumingCPT invariance, the two-neutrino
oscillation parameter values from a combined analysis of
the solar and KamLAND data aretan2 θ12 = 0.444+0.036

−0.030

and ∆m2
21 = 7.50+0.19

−0.20 × 10−5 eV2. For the three-flavor
analysis combining the solar and KamLAND data, the
best-fit parameter values aretan2 θ12 = 0.452+0.035

−0.033 and
sin2 θ13 = 0.020+0.016

−0.016, the best-fit value for∆m2
21 is the

same as for the two-flavor result. The best-fit values for
the different data combinations and analysis approaches are
summarized in Table III in Appendix A.

Figure 3 shows the regions in the (tan2 θ12, sin2 θ13) plane

KamLAND, hep-ex/1009.4771
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NOνA Physics Potential - θ23
P. Vahle, For the MINOS Collaboration / Nuclear Physics B Proceedings Supplements 00 (2010) 1–8 4
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Figure 2: (Top) Energy spectra of νµ charged current events selected
in the Far Detector. Black points, with statistical error bars show the
data. The red histogram represents the spectrum predicted from mea-
surements in the Near Detector, assuming no oscillations. The blue
histogram shows the result from the oscillation fit. (Bottom) Ratio of
the Far Detector energy spectrum to the prediction in the absence of
oscillations. Black points show the data. The blue histogram shows
the best fit to the oscillation hypothesis. The red histogram shows a
pure decay model, and the green histogram shows a pure decoherence
model.

determination of the energy dependence of the oscil-
lation [13, 14]. Finally, systematic uncertainties were
reevaluated and mitigated within the context of the new
analysis techniques.

A total of 1986 νµ CC events are observed in the
Far Detector, compared to an expectation of 2451 in
the absence of oscillations. Assuming the deficit of
νµ CC events is due to neutrino oscillations, a fit to
the energy distribution is performed to extract the os-
cillation parameters using the two flavor approxima-
tion for the survival probability. Systematic uncertain-
ties are included in the fit as nuisance parameters [15].
When sin2 (2θ23) is required to be in the physical re-
gion (sin2 (2θ23) ≤ 1), the oscillation parameters ob-
tained from the fit are |∆m2

32| = 2.35+0.11
−0.08 (stat. + syst.)×

10−3 eV2 and sin2 (2θ23) > 0.91 (90% C.L. stat. + syst.).
Figure 2 shows the observed energy distribution of

selected νµ CC events in the Far Detector, compared to

)θ(22sin
0.8 0.85 0.9 0.95 1

2

2.5

3
-310×

)2
eV

-3
| (

10
2

m∆| 2.0

2.5

3.0
MINOS Best Fit

MINOS 90%

MINOS 68%

Super-K 90%

Super-K L/E 90%

 PoT - Fiducial Events2010×7.2

MINOS Preliminary

Figure 3: Likelihood contours of the 68% and 90% confidence levels
around the best fit for the mass splitting and mixing angle. Also shown
are contours from two different Super Kamiokande analyses (Prelim-
inary Super Kamiokande results courtesy of the Super Kamiokande
Collaboration).

both the prediction in the absence of oscillations and the
spectrum from the best fit to the oscillation hypothesis.
The oscillation hypothesis fits the data well. Figure 2
also shows the ratio of the measured Far Detector en-
ergy spectrum to the prediction in the absence of oscil-
lations, along with the best fit to oscillations. Alternate
models were also fit to the data. Pure decoherence [16]
is disfavored relative to oscillations at better than 8σ,
while pure decay [17] is disfavored at better than 6σ.
Figure 3 shows the likelihood contours around the best
fit values of the oscillation parameters.

3. Neutral current event rate results

In the standard, three flavor neutrino oscillation
model, the neutral current event rate should not be af-
fected by oscillations [18]. A deficit in the Far Detector
NC event rate, relative to the prediction based on Near
Detector data, could indicate mixing into a sterile neu-
trino flavor. Loose cuts to select shower-like events are
applied to derive a NC data sample [19]. The dominant
background to the selection is highly inelastic CC in-
teractions. This background oscillates away on the way
to the Far Detector, and this oscillation is taken into ac-
count in the extrapolation [20, 21]. Additionally, any νe

events appearing at the Far Detector would be included
in this event sample, hence the interpretation of the re-
sults in the context of oscillations depend on the possi-
bility of νe appearance.

P. Vahle, Neutrino 2010

  NOνA can improve the precision of
the νµ → ντ mixing angle by over
an order of magnitude over MINOS.
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NOνA Physics Potential - Mass Hierarchy216 Chapter 2. Neutrino masses
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Figure 2.4: Possible neutrino spectra: (a) normal (b) inverted.

2.3.4 Loop mediation of neutrino masses

Mediation by loop effects can be realized by many ways. Fig. 2.3 shows the possible one-loop
diagrams [34], in each case there are several choices of quantum numbers for the particles in the
loop. For example, one can consider the standard see-saw scenario with a LNH coupling and
replace the Higgs doublet H with another scalar doublet H ′ with vanishing vev, coupled to the
standard Higgs doublet as (H∗H ′)2 +h.c.: neutrino masses arise from the third diagram in fig. 2.3.
One of the extra particles in the loop (H ′ or N in the example above) could be detectably light:
neutrino masses remain small if other extra particles are heavy.

See [34] for alternative speculative possibilities.

We now study in detail the special cases of pure Majorana and Dirac neutrino masses. We
describe how many and which parameters can be measured in the two cases by low energy
experiments.

2.4 Pure Majorana neutrinos

We extend the SM by adding to its Lagrangian the non-renormalizable operator (LH)2 and no
new fields. Below the SU(2)L-breaking scale, (LH)2 just gives rise to Majorana neutrino masses.
In this situation, charged lepton masses are described as usual by a complex 3 × 3 matrix mE,
and neutrino masses by a complex symmetric 3× 3 matrix mν :

−Lmass = `TR ·mE · `L +
1

2
νTL ·mν · νL.

How many independent parameters do they contain? Performing the usual unitary flavour ro-
tations of right-handed E = `R and left-handed L = (νL, `) leptons, that do not affect the
rest of the Lagrangian,5 we reach the standard mass eigenstate basis of charged leptons, where
mE = diag (me,mµ,mτ ). It is still possible to redefine the phases of eL and eR such that me

and mee
ν are real and positive; and similarly for µ and τ . Therefore charged lepton masses are

specified by 9 real parameters and 3 complex phases: the 3 real parameters me, mµ, mτ ; the 3
real diagonal elements of mν ; the 3 complex off-diagonal elements of mν .

5Gauge interactions are the same in any flavour basis, because kinetic energy and gauge interaction originate
from the same Lagrangian term, L̄D/L. This well known but non-trivial fact rests on solid experimental and
theoretical grounds.
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NOνA Physics Potential

NOνA Physics Potential - CP phase + Mass Hierarchy

Y. Takeuchi, Neutrino 2010

  Finite group family symmetry
T ′ × SU(5): δ = 227 Degree [M.
C. Chen et al., Neutrino 2010]
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NOνA Physics Potential - νµ - ν̄µ tensionP. Vahle, For the MINOS Collaboration / Nuclear Physics B Proceedings Supplements 00 (2010) 1–8 7
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Figure 8: (Top) Energy spectra of νµ charged current events selected
in the Far Detector. Black points, with statistical error bars show the
data. The red histogram represents the spectrum predicted from mea-
surements in the Near Detector, assuming no oscillations. The blue
histogram shows the spectrum with oscillations at the best fit values
of the mass splitting and mixing angle from the anti-neutrino analy-
sis. Dotted black line shows the effect of oscillation with oscillation
parameters from the neutrino analysis. (Bottom) Ratio of the Far De-
tector energy spectrum to the prediction in the absence of oscillations.
Black points, with statistical error bars show the data, blue histogram
shows the spectrum with oscillations at the best fit values from the
anti-neutrino analysis. Dotted black line shows the effect of oscilla-
tion with oscillation parameters from the neutrino analysis.

will be addressed with additional exposure in the an-
tineutrino beam.

6. Conclusion

In summary, MINOS has updated results on many
different aspects of neutrino oscillations. The observa-
tion of an energy dependent deficit of νµ CC events gives
measurements of |∆m2

32| = 2.35+0.11
−0.08 (stat. + syst.) ×

10−3 eV2 and sin2 (2θ32) > 0.91 (90% C.L. stat. + syst.).
The rate of NC events in the Far Detector is consistent
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Figure 9: Likelihood contours of the 68% and 90% confidence levels
around the best fit for the mass splitting and mixing angle. Red con-
tours are from the anti-neutrino analysis, while blue contours are from
the neutrino analysis.

with the prediction from the Near Detector data, indi-
cating the fraction of neutrinos that oscillate to a sterile
neutrino is less than 0.22 at the 90% C.L. (0.40 with
νe appearance). The 54 νe like events in the Far De-
tector agrees with the prediction of 49 ± 7.0(stat.) ±
2.7(sys.) background events. The first direct measure-
ment of antineutrino disappearance yields |∆m2

32| =

3.36+0.45
−0.40 (stat. + syst) × 10−3 eV2 and sin2

(
2θ32

)
=

0.86 ± 0.11(stat. + syst.). Additional data will be col-
lected in the antineutrino configuration to further ex-
plore the discrepancy in oscillation parameters between
neutrinos and antineutrinos.
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Figure 6: Discovery reach for charged current NSI parameters corresponding to the MINOS best fit point
eq. (21) in MINOS (left), T2K (middle), and NOνA (right).

in MINOS itself, more anti-neutrino running is desirable since the experiment has already taken a
lot of data in neutrino mode. By comparing the three panels of fig. 6, we see that, as expected,
the discovery potential of T2K is better than that of MINOS, while the best sensitivity is achieved
in NOνA. After one year of nominal running in neutrino mode, NOνA could confirm the existence
of the non-standard effect at the 90% confidence level, while in anti-neutrino mode, even a few
months would be sufficient to achieve that sensitivity. This can be understood by noting that, for
the parameter values favored by MINOS, eq. (21), the two O(|εdτµ|) NSI terms in eq. (16) have
opposite signs for neutrinos, but the same sign for anti-neutrinos. Therefore, the non-standard
effect is stronger for anti-neutrinos. To achieve a 3σ discovery in T2K or NOνA, neutrino and
anti-running are required, with at least one year spent in each mode for T2K, or half a year for
NOνA.

If the true values of the NSI parameters are different from the best fit point eq. (21), the
discovery reach in future experiments can be altered significantly. This is illustrated in fig. 7,
where we plot the χ2 of a standard oscillation fit to simulated data affected by CC NSI as a
function of the running time at nominal luminosity. The widths of the colored bands correspond
to the 1σ uncertainty in the NSI parameters from fig. 5. Fig. 7 shows that if nature has chosen
unfavorable NSI parameters, it will be very hard for T2K and NOνA to announce a discovery. On
the other hand, for favorable parameter values a 3σ effect could be detected after less than one
year of nominal running even in T2K.

5. DISCUSSION AND CONCLUSIONS

We have seen that, in order to explain the tension between the νµ and ν̄µ event samples in
MINOS using NSI, the NSI couplings would have to be rather large, almost of the same order
as Standard Model weak interactions. While we have shown in sec. 3 that there are regions of
parameter space still consistent with MINOS data and with constraints from other experiments,
one should keep in mind that the effective operators generating the NSI should ultimately arise
from an underlying renormalizable model. Model-dependent constraints, however, are usually much
stronger than the model-independent bounds we have considered.

For example, the most straightforward implementations of dimension 6 NSI operators, based
on the introduction of new heavy tree-level mediator fields, are phenomenologically not viable
because SU(2) invariance would dictate that large neutrino NSI realized that way would have
to be accompanied by large non-standard effects in the charged lepton sector [37, 38]. There-

J. Kopp, et al., hep-ph/1009.0014
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NOνA Experiment

The NOνA Collaboration
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NOνA Experiment

The NOνA Experiment
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NOνA Experiment NuMI Beam

NuMI (Neutrinos at the Main Injector) Beam

• Beam Spectrum tunnable by horn currents,

relative placement of target horns

• ν or ν̄ predominant beam depending on horn current

polarity

• 10 µs beam spill

• Current every 2.2 sec (→ 1.33)

• Operating since 2005

• MINOS, MINERνA, ArgoNEUT

• Routinely delivers ∼300 kW beam power
(→ 700 kW)

• Most operations to-date in “Low Energy”
mode optimized for MINOS on-axis location
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NOνA Experiment The NOνA Detectors

The NOνA Detectors

• 222 Tons - 206 layers (4.2 m × 2.9

m × 14.3 m)

• Includes muon catcher for ranging

out µ’s

• Each plane just 0.15 X0, great for

electrons

• 14 kTons - 930 layers (15.6 m ×
15.6 m × 68 m)

• Alternating X/Y measuring planes

• Over 357,000 independent

measurement cells

• > 70% of total mass is active
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NOνA Experiment The NOνA Detectors

Detector Components

• Avalanche photodiode (APD) converts light to

electrical signal (11,160 devices, each 32 pixels)

• 85% quantum efficiency

• Liquid Scintillator (3 million gallons)

• Contained in 3.9 cm×6.6 cm×15.6 m cells
• 3.9 cm as seen by the beam

• Cell walls are rigid PVC (5 kilotons)

• Loaded with 15% anatase form of
titanium dioxide

• Diffuse reflection at walls keeps light near
(within ∼1 m) particle path

• Looped wavelength-shifting fiber collects light

(11,160 km)

• Fiber diameter 0.7 mm
• Fiber shifts wavelength to ∼ 520-550 nm

along the fiber

NOνA Detection Cell
• The base detector unit 3.9x6.6cm cell 

15.7m long, filled with a mineral oil 
based liquid scintillator.

• High reflectivity PVC gives ∼8 reflections 
for emitted light before capture in a wave 
shifting fiber

• 0.7mm wave shifting fiber loop captures 
the light and transports it up the cell

• Both fiber ends are read out by a single 
pixel of the APD.

Light Collection
• The scintillator/fiber detection cell is 

measured to delivers 30‐39 p.e. for a 
muon traversing the far end of the cell

• NOνA uses over 14,000km of fiber

Detector Cell
Fiber and Scintillator

15.5m

6.6cm3.9cm

Particle Trajectory

Scintillation Light

Waveshifting
Fiber Loop

To APD Readout

Fiber
The fiber is a double clad 
0.7mm fiber doped with 
300ppm of a K27 
fluorescent dye.  The 
fiber exhibits a long 
attenuation length for the 
peak emission spectrum 
with tests at 300ppm of 
dye concentration  over 
15m for the 550nm peak 
of the spectrum.

0.6 mm diameter

0.00

5.00

10.00

15.00

20.00

25.00

500 550 600 650
Wavelength (nm)

150 ppm
300 ppm

Fiber Attenuation Length

Absorption/Emission

Single Cell

There are 357,120
cells in NOνA 
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Current Status

NOνA Schedule

September 15, 2008 DOE CD-2 Approved (Project Baseline)

April 2009 NOνA Receives Recovery Act and FY09 Funding

May 1, 2009 NOνA Far Detector Laboratory Groundbreaking

July 2009 DOE CD-3 Review (Full Construction Start)

November 24, 2010 Integration Prototype Near Detector

ready to take data

December 15, 2010 First Neutrino Event Observed

ND move underground Spring 2013

March 7, 2011 Far Detector Building Beneficial Occupancy

FD construction 2011 through 2013
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Current Status Near Detector on the Surface (NDOS)

Near Detector on the Surface (NDOS)

R.J. Tesarek,  Fermilab Fermilab PMG 11/23/10

Near Detector Status: (Top)

12

DCM

FEBs

Power Distribution

Cooling 
Manifolds

C
hiller

W
ater Filter

Scintillator 
Plumbing

5th block

Cable Trays

10/23/10

R.J. Tesarek,  Fermilab Fermilab PMG 11/23/10

Near Detector Status: (Side)

13

Cable Trays

DCM

Power Distribution

Cooling Mains

Scintillator Plumbing

Dehumidifier

10/23/10
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Current Status Near Detector on the Surface (NDOS)

NDOS

• Only two di-blocks instrumented, 0-820 cm in the z direction
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Current Status Near Detector on the Surface (NDOS)

NDOS - NuMI LE Spectrum

• Assuming 2.1E20

Protons-On-Target

(POT) Forward and

Reverse horn current

each

• Study the detector

response prior to

operation of the Far

Detector

Forward Reverse
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Current Status Near Detector on the Surface (NDOS)

NDOS - Physics

Projected	
  Event	
  Rates	
  
Forward	
  Horn	
  Current	
  	
  	
  

(2.1E20	
  PoT)	
  	
  
Type	
   Total	
  CC	
   CC-­‐QE	
   CC-­‐RES	
   CC-­‐DIS	
   CC-­‐COH	
   NC	
  

νμ	
   4751	
   2288	
   1533	
   861	
   38	
   1911	
  

1.6-­‐2.4GeV	
   1931	
   559	
   842	
   511	
   20	
   699	
  

νe	
   340	
   166	
   119	
   50	
   125	
  

1.6-­‐2.4GeV	
   57	
   17	
   25	
   39	
   20	
  

an7-­‐νμ	
   624	
   323	
   179	
   103	
   14	
   353	
  

1.6-­‐2.4GeV	
   132	
   50	
   55	
   24	
   142	
  

an7-­‐νe	
   37	
   19	
   12	
   5	
   19	
  

A.Norman	
   37	
  NOW2010	
  

Projected	
  Event	
  Rates	
  
Reverse	
  Horn	
  Current	
  	
  

(1.7E20	
  PoT)	
  
Type	
   Total	
  CC	
   CC-­‐QE	
   CC-­‐RES	
   CC-­‐DIS	
   CC-­‐COH	
   NC	
  

νμ	
   2157	
   1019	
   638	
   409	
   17	
   855	
  

1.6-­‐2.4GeV	
   402	
   116	
   174	
   108	
   146	
  

νe	
   248	
   120	
   86	
   39	
   92	
  

1.6-­‐2.4GeV	
   42	
   12	
   18	
   11	
   15	
  

an7-­‐νμ	
   873	
   471	
   262	
   119	
   19	
   507	
  

1.6-­‐2.4GeV	
   363	
   139	
   151	
   65	
   170	
  

an7-­‐νe	
   42	
   22	
   14	
   5	
   22	
  

A.Norman	
   36	
  NOW2010	
  

Forward - 2.1E20 POT

Reverse - 1.7E20 POT

• Measure νµ QE cross section

• Measure ν NC/CC single pion production cross section
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Current Status Near Detector on the Surface (NDOS)

Cosmic Ray - Muon
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Current Status Near Detector on the Surface (NDOS)

Cosmic Ray - EM Shower
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Current Status Near Detector on the Surface (NDOS)

First Neutrino Event from NDOS - 19:08, Dec. 15, 2010
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Current Status Far Detector

Far Detector

∼ 3 m earth equivalent Barite/Concreate Overburden to reduce cosmic backgrounds
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Current Status Far Detector

Construction - Site and Building
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Current Status Far Detector

Full Height Engineering Prototype (FHEP) Pivoter

Milestone on Nov. 11, 2010
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Summary

Summary

• The NOνA experiment is the flagship of U.S. accelerator experiments
for the coming decade and is the first of the next generation of
Intensity Frontier experiments that form the future of the U.S.
accelerator physics program
• θ13, θ23, δCP , sign(∆m2

32)
• Non-Standard Neutrino Interactions (NSI)?

• 14 kt far detector on schedule to be completed in 2013
• Push to install the first 2 blocks at Ash River prior to 2012 accelerator

shutdown

• NDOS is taking data now

WE HAVE SEEN NEUTRINO EVENTS
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Summary

Game On
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Figure 6: Evolution of the θ13 sensitivity limit as a function of time (90% CL), i.e., the 90% CL limit
which will be obtained if the true θ13 is zero.

4.1 Finding versus constraining θ13

We now discuss the sensitivity of the different experiments to θ13. We include two quali-
tatively different aspects in the discussion: The θ13 sensitivity limit and the θ13 discovery
potential. The θ13 sensitivity limit describes the ability of an experiment to constrain θ13 if
no signal is seen. It is basically determined by the worst case parameter combination which
may fake the simulated θ13 = 0. The sensitivity limit does not depend on the simulated
hierarchy and δCP, as the simulated θ13 = 0. For a more detailed discussion, see Ref. [21],
App. C. The θ13 discovery potential is given by the smallest true value of θ13 > 0 which
cannot be fitted with θ13 = 0 at a given CL. Since the simulated θ13, δCP, and hierarchy
determine the simulated rates, the θ13 discovery potential will depend on the values of all
these parameters chosen by nature. On the other hand, correlations and degeneracies are of
minor importance because for the fit θ13 = 0 is used. The smallest θ13 discovery potential
for all values of δCP and the MH (risk-minimized θ13 discovery potential) is often similar to
the θ13 sensitivity limit. This holds to very good approximation for reactor experiments,
where statistics are Gaussian and the oscillation physics is simple. For beam experiments
differences occur due to Poisson statistics as well as more complicated oscillation physics
implying correlations and degeneracies.

We show the θ13 sensitivity limit as a function of time in Fig. 6. We observe that the
global sensitivity limit will be dominated by reactor experiments. As soon as operational,
Daya Bay will dominate the global limit. For Daya Bay, time is not critical, but matching
the systematics or statistics goals is. If the assumed schedules of both, Double Chooz and
Daya Bay are matched, Double Chooz will dominate the θ13 sensitivity for about two years
in the absence of RENO. If available, RENO, on the other hand, will dominate the θ13

11
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Summary

Backup Slides
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Summary

NOνA Physics Potential - Supernova

• 10 second 5000event burst for a supernova near the center of galaxy
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Summary

Tevatron Run II Extension Impact on NOvA
• Reduce the ν νµ → νe data set by roughly a factor of 2 during the 2015-2016 time

period

• Delay first results on muon antineutrino oscillations by 2 years

• Delay first results on the mass ordering and the CP violating phase by 2 years

• Delay final results by 1.5 years

• Add an additional 3.7 M$ to the cost of the project

7 

 
Figure 2.  Integrated pot in the baseline (blue), impacted (red) and impacted without 
going to 700 kW (green) as a function of time.  The Far Detector construction is also 
show (purple) in units of kt. 

 

 
 
Figure 3.  Cumulative product of Far Detector mass times pot as a function of time.  The 
proposed NOνA run is for 560 kT-1020 pot, shown by the dashed horizontal line.  The 
scenarios are as in Fig. 2. 
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Summary

Neutrino Events from NDOS
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