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Introduction: T2K

« T2K is a long baseline accelerator experiment with a water
Cherenkov far detector (Super-Kamiokande)

* We estimated expected events in T2K assuming the

planned goal of 20*102: protons-on-target (POT)

* We used these estimations to predict the T2K potential in
probing CP violation and mass ordering

Super-Kamiokande J-PARC
' Near Detector 280 m

I 1000 m

Neutrino Beam

295 km




Introduction: expected number of events

Efficiency:

H1 and O16 Cross sections

_ calculated with
# of targetS In FV GENIE

of T2K 22.5 kt

Parameter Value

sin” B9 0.307 £ 0.013

sin” A5 0.0210 =+ 0.0011

sin? flag 0.51 + 0.04

Am3, (7.53 £ 0.18) x 10~ eV~
|Am3,| (2.45 + 0.05) x 10~ 3%eV?

Table 1: Neutrino oscillation parameters in PDG2017




Introduction: oscillations

* In our calculations we focused on

— The muon (anti)neutrino disappearance mode

- The electron (anti)neutrino appearance mode




Muon (anti)neutrino disappearance

P(v,—=v,) = P(v,—-v,)

— standard oscillations
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Muon (anti)neutrino disappearance

Predictions for v, events at T2K Predictions for v, events at T2K

no osc 016 + H1: no osc O16 + H1:
= 1006 (855) — 236 (201)

osc 016 + HI1: osc 016 + H1:
=348 (296) =79 (67)
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L
Analysis: sin“ 0,

 The muon (anti)neutrino disappearance probability
depends on sinz2 6,5, which in principal is sensitive to the

“octant” of 0,;, namely whether it is greater than or less

than 11/4 radians (assuming it isn't exactly 1t/4 radians). Is
It possible to extract the octant of 6,5, assuming it has a

non-maximal value using just this channel?
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 NoO!




o
Analysis: sin“ 0,

P(v,»v,)=1—[cos"0,,sin"20,,+sin°20,,sin’ 0,,|sin’[Am}, (—




s
Analysis: sin“ 0,
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Analysis: sin“ 0,
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Analysis: sin“ 0,
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L
Analysis: sin“ 0,

i 4 0 D . 2 . 2 . 2 2
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two answers ! cannot extract !




L
Analysis: sin“ 0,

L
* P(v,”v,)=1—[cos"0,sin*20,,+sin"20,,sin’ 623]sin2[Am§1(zE)]
Is the same for neutrino and anti neutrino channels. Is

there is a simple reason why this is the case?




L
Analysis: sin“ 0,

L
* P(v,”v,)=1—[cos"0,sin*20,,+sin"20,,sin’ 623]sin2[Am§1(ZE)]
Is the same for neutrino and anti neutrino channels. Is

there is a simple reason why this is the case?

- Yes, v, Is unaffected by matter effects, so when you

change from the neutrino to antineutrino channel the
only term that would change is 0., which this probability

does not depend on.




Electron (anti)neutrino appearance

It's more complicated

T;=cosdsin20,,5in20,,cos A— (1-x)

sinz(xA)

B 2 o




Electron (anti)neutrino appearance

It's more complicated

T,=cos0sin20,,sin20,,cos A

2 b

X (1-x) AEAm314E

. 2
B sin’(x A ) : .
T,=cos"0,,sin 26127 for antineutrino x=»—x,0->—9




Electron (anti)neutrino appearance

It's more complicated......

— NO, 6cp = +n11/2
— NO,bcp=mn
— NO, 6cp = —n1/2
NO, 6cp =0
- 10, 6cp = +11/2
- 10,8 =n
- 10, 6ecp = —M1/2
10,6 =0

— NO, 6¢cp = +11/2
— NO,Ocp=n
— NO, 6cp = —n1/2
NO, 6cp =0
- 10, 6cp = +11/2
-10,86cp=n
- 10, 6cp = —n1/2
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Electron (anti)neutrino appearance

Predictions for v, events at T2K

—1 0SC O¢cp = M: 36 (25) = 24 (17)
—1 0SC 6cp = 0: 37 (26) i = 0:22 (15)
—1 0SC Ocp = —1/2: 45 (32) = —m/2: 30 (21)
— 0SC O¢cp = +11/2: 28 (19) = +mr/2: 16 (11)
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Electron (anti)neutrino appearance

Predictions for v. events at T2K
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m 5(3)
0:5 (4)
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Allowed regions

Allowed regions based on v, measurements
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Current T2K Statistics: ~1*10%" POT

Sensitivity based on v, events
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Predicted T2K Statistics: ~10*102' POT
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Can we exclude CP-conserving values?

Exclusion confidence level based on v,

Null assumption 6cp = +— /2

Assuming NO and that the
true value of o, is -11/2, can

we exclude o, = 0 or 1t?

Exclusion confidence level based on ve

Null assumption 6cp = — /2

1
0 ‘ . i [
—-1.00 —-0.75 —-0.50 —-0.25 0.00
Ocp

With the expected POT,
Combining electron neutrino
and antineutrino appearance,
we can exclude o_, = 0 with

3.60 and o, = 1t with 3.90 CL
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Can we disentangle the mass ordering?

Ve Measurement Ve Measurement
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Can we disentangle the mass ordering?

Ve Measurement Ve Measurement
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In which cases can T2K determine the mass ordering? If we knew d_,, in any
case! Since we don't know it, we cannot distinguish 10 with d_,= -11/2 and NO
with & _,= T1/2




Combined analysis with neutrino and antineutrino
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The same analysis combining both plots from before: at maximal CP violation 10
and NO are not distinguishable




Conclusions

We made a lot of plots!

With the planned high exposure (20*1021 POT) T2K has high
sensitivity. Within our approximation, T2K can give a hint
towards mass ordering.

However, in some states regardless of 0., mass ordering
cannot be disentangled

Uncertainties and inefficiencies we did not account for:
uncertainties on the mixing parameters and cross section,
detection efficiency and resolution etc.

Similar analysis can be done with NOva
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