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Questions? Comments?

+To submit questions:

https://forms.gle/
E1DNmM3LvayA2Jgigb

Some code to help with
the homework questions:

https://colab.research.google.com/drive/
1UNJ9 8AUHOUXX-
QsE2Pb16niykgimY8s?usp=sharing
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Searches for effects beyond
three-flavor oscillations
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the expectation. Monte Carlo simulation is normalized to the
expected number of events reported in Table III.

tau neutrinos appear at >6 sigma




focusing LD detector
accelerator I,
P 1
F ~ 500
L? LmQ s} Lp >~ 0.5 km

Nevents o .
cov =T (130E, (MT) [cm’s])

Nevents 9250 9
Gyt = P IRW]- M [kt] - T [years] - (L [km]> B, [GeV]

beam power P ranges from detector mass M ranges
100 to 1000 kW from 5 to 200 kt

Nevents ~ 102
Can we reproduce these @ GeV
conditions using accelerators? ngg, ANO MAYSE MUCH BeTTER! )

.10* per year
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FIG. 4: Likelihood contours of 68% and 90% C.L. around the
best fit values for the mass splitting and mixing angle. Also
shown are contours from previous measurements [3, 4].
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Is this symmetry real?

/* (m3)2 (mz)z*2
(Am®),
Is CP violated? (ml)z*1
H v,
L] v, (Amz)atm
ol Is there
more to
Y this
/ ? picture?
T (m1)2 (sz*

normal hierarchy <=l inverted hierarchy
Which ordering is the correct one? -

arXiv:2102.00594 NuFit v5.1



Neutrino oscillations at long baseline

Following presentation by Nunokawa, Parke, Valle, in “CP Violation and Neutrino Oscillations”, Prog.Part.Nucl.Phys. 60
(2008) 338-402. arXiv:0710.0554 [hep-ph]

P(v, = v,) ~ 1 — 4cos® 03 sin? O3 [1 — cos? #13 sin” 923] sin? As;
e Sin2 2923 Sin2 Agi

Py, = ve) = |y Paime "(83210) V Psol|”

= Patm + FPsol + 2\/Pathsol (cos Ago cos d F sin Agy sind)

P — sin s sin 2913SinA(A31 ¢ZL> Au; | oL =008 for L =295km
51 $La a=GpN./V2~ 00T aL = 0.23 for L = 810 km
‘/Psol — COS 923 sin 2912 S (Z )A21 h al, = 0.37 for L = 1300 km
a
Parameter Channels Question
sin®203: v, — v, and ¥, — U, : Is 023 maximal?
Sin2 923 SiIl2 2913 - V, — Ve and v, — Ve - Octant of 923
0 0
sign [Ag1] : V,, — Ve VS. U, = U :  Neutrino mass hierarchy

dcp - V), — Ve VS. Uy — Vg Is CP Violate(gl?


http://inspirebeta.net/author/Nunokawa%2C%20Hiroshi?recid=762771&ln=en
http://inspirebeta.net/author/Parke%2C%20Stephen%20J.?recid=762771&ln=en
http://inspirebeta.net/author/Valle%2C%20Jose%20W.F.?recid=762771&ln=en
http://inspirebeta.net/record/762771
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Summary of sensitivity of v,—ve rates to
physics questions

Factor Type
Matter effect .
(mass ordering) Binary Yes +19% +10%
CPviolation =~ 2ounded.  yq [-22...422]% [-29...+29]%
continuous o 0 o 0
Unbounded,
623 octant " o o No [-22...+22]% [-22...+22]%
Nota bene:

- Calculations are for rate only; there is some additional information in the energy spectrum
-+ These estimates neglect non-linearities in combining different effects

- In the calculation of the matter effect and CP violation effects the calculated values account for the fact

that T2K runs at an energy on the first oscillation maximum while NOvVA runs at an energy slightly above
the oscillation maximum

- 023 was varied inside the +20 range found by a recent global fit (PRD 90, 093006) 03



Antineutrino mode e-like candidates

24

22

20

18

16

14

12

-

Mass ordering and CP violation

T2K Runl-10 Preliminary

llllllllllllllIII|III|III|III|I_

50 60 70 80 90 100 110 120

Neutrino mode e-like candidates

12K sees a large difference between

P(v, — v.) and P(v, — v.)

I 1 1 | l I I 1 I |
60—NOVA FD
| 13.60x10%° POT-equiv (v)
- 12.50x10%° POT (v)

(o8] B (%))
o o o
LA L L B I B B B B

Total events - antineutrino beam
N
(@]

[0 8p=0 * o= /2

:DI BCP= T I . 6CP= Clin/Z

NOVA Preliminary
LI L B B

% 2020 best fit
I | | | I | | |

20 40 60

80 100 120

Total events - neutrino beam

NOVA does not. CPV
and mass ordering

remain to be

resolved.

24



Neutrino oscillations at long baseline
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T2HK

Data taking expected to
begin in 2027

50 discovery of CP
violation in 10 years for
60% of ocp values

The search depends
strongly on resolving
the mass ordering and
controlling systematic
uncertainties
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[ DUNE result
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DUNE discovery potential for CP Violation
and beyond
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Impact of near detector extrapolation

In this study, we shift the FD to the edge of
our MEC event systematic. Then we shift
the ND to the edge and extrapolate based
on the nominal (unshifted) extrapolation.
While MEC is an overall ~10% impact on
the rates, after extrapolation it is reduced
to 3%.
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—— Fitted vPRISM flux
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Questions? Comments?

+To submit questions:

https://forms.gle/
E1DNmM3LvayA2Jgigb

Some code to help with
the homework questions:

https://colab.research.google.com/drive/
1UNJ9 8AUHOUXX-
QsE2Pb16niykgimY8s?usp=sharing
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