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Introduction (1)

* Neutrino mixing

— Neutrinos have two sets of eigenstates.
* mass (propagation) and flavor (detection).

flavor states PMNS mixing matrix mass states
’

013 0 313 cls 812 0 el /2 0 0 "

—819 ¢z 0 X 0 e2/2 0 | x| w

0 —823 023 —81 0 1 ’ 0 0 1 V3
Y
“Acc./Atm. v” Reactor/ACC-/Atm- v'|l  “solar/Reactor v” Vi Haces.
23 ~ 45° sin22013 ~ 0.1, B4y ~ \ aiorat”abp asez,

« ” ot yet opbserve

Am2,,| ~2.4x10°3 (eV?) Acc./Atm. v Am?,, ~ 8x10° (eV?) Y

Ocp (90% constraints) Note: cjj = cos(6), sij = sin(6;)

— Dirac CP violation phase in the lepton sector, 0.,
* Complex phase of PMINS mass matrix (3x3 unitary matrix)
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—a—k)/IREIZERTAIETSSHLD PDG2014
sin” 201, 0.846 + 0.021
v iEE A0, 0, 0,,). Am2, (153 +0.18)x 1075 eV?
i22p,. 099970015 (normal hierarchy)
v CPﬁL *E 0 > 1. OOO+8 8(1)9 (inverted hierarchy)

_3 2 .
v BE - 2 2 A2 (2.44 £ 0.06) x 107° eV~ (normal hierarchy)
HED_FELIM*,, Am?*, 2l (25240.07) x 10 eV2 (inverted hierarchy)

sin”26;3  0.093 + 0.008
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Introduction (2)

e Matter dominant universe

— We expect equal amounts of matter and anti-
matter to have produced in the Big Bang.

— Today (13.8 Gyears later), observed asymmetry is

Np —Npg
np = Bn £ = (6.20 + 0.15) x 10710
|4

— Quark-sector CP violation

* The Quark-sector CP violation results in an O(101)
asymmetry.

* Too low to explain observed O(10-19).



Introduction (3)

e Matter dominant universe

— Lepton-sector CP violation

* Leptogenesis can provide a explanation.
— CP violation in the neutrino sector (creating L asymmetry).
— SM sphaleron processes at T~“300GeV convert L -> B asymmetry.

* Three possible scenarios for leptogenesis

1)
2)
3)

Leptogenesis via Dirac-phase CP violation (0.p)
Leptogenesis via Majorana-phase CP violation (o, o)

Leptogenesis via CP violation in the heavy neutral leptons
(HNL) (~10%° GeV) which are the Majorana ‘see-saw’ partners
of the ordinary neutrinos.

( )
Ve 1 0 €13 0 81'; cio 812 0 2 i 0 ]

( Vu)—(o C23 893 ) ( .‘ ( —812 (12 O)X( 0 @ O)X(Vz)
Vr 0 —s893 o3 —81 0 0 1 0 i 1 V3

\. J

Ocp is a possible source to explain the matter-dominant universe.




Introduction (4)

* Q. measurement in the long-baseline accelerator exp.
— vV, appearance

Ocp €an be determined from v-run only if 0,5 is known
from the reactor experiments.

neutrino / anti-neutrino
0.1 qET R —

L=295km, sin22013=0.1

0.08 8 |
o ik
1> 0.06 F
1> 0.04[jHH
o il

0.02 HJl4

Comparison of v/anti-v run enhances sensitivity to Op.
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side view

Possible upgrade
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Excellent charge/particle identification and momentum

measurement for large angle tracks with side-TPCs.
* Optimizingthe detector geometry using MC.
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FADC for CT, BPM (250MHz, SiTCP readout)

A short readout latency

Under development prototype module
[N.Patel(Kyoto), H.Berns(UC Davis), J.Wilkes(UW)]

Plan to finish development in 2016, start
production (~2018)

36



—1—hrYJ/PERIICEAT SR

FRHEAEEDKEV... R=2—F)/ICETHBIEFES:

= H
< oncqe >= 1.55 x 1073% £ 0.395(stat.) 32 (sys.)| [cm?]
K.Abe et al. (The T2K Collaboration), Physical Review D 90, 072012 (2014)
THEE =T ZRAVIBIDRBEYNELALETETLVEL ..
> ZRBROBEEEES DHUE |
=a—hyy Yo s =g
- BRhE @ AN
o @ VOO0 | =R ZRDEEZNCQEHK
(BRRF®) SR ; <
L BT § N =
(BF - BT ) ; NZRAZY®R
: \ & : S 5 a0
__________________ w e
—RiBE L

KERKZERZYIBHATZE> Y — (RCNP ) OFEFE—L %K
Y=y NCBEEUL, BMHENZ AV VR (= —RAV V) suehdFe—LA
DIRILF— « BEREICATET KB (ZHhoHT) (BEIRLF—DHEE)

-

= ZRBELITORES D IS A ViRt



T2KEER T EPOTD I —RAAT 4

1E+22 1000
9E+21 | s +~ 900
— Linac updade 400 MeV
O 8E+21 800 g
% 7E+21 —+ 700
@O  6E+21 = 600 -
+ Q
Lj“ 5E+21 L 500 =
E 4E+21 400 8_
8 3421 | ~300 £
A Y S200 Q)
1E+21 | / +~ 100 oS
. 2 , | | | .
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
accumulated POT 3. 1E+20 7. 8E+20 1. 2E+21 1.8E+21 2 50E+21 3. 20E+21 3 90E+21 5.50E+21|7.10E+21 8.80E+21
——heam power 7 170 7 200 7 250 , 250 7 300 7 300 300 . 700 | 700 ‘ 700
Period Accumulated Protons On Target | Beam Power
June 2012 3.1 x 1020 170 kW 20164E4
June 2013 7.8 x 10%Y 200 kW ﬂi H EE'E
June 2014 1.2 x 102! 250 kW! Beam power > 380 kW
June 2015 1.8 x 102! 250 kW =+ _
June 2016 2.5 x 1021 300 kW *ﬁﬁPOT =1.0e+21
June 2017 3.2 x 10 300 kW
June 2018 3.9 x 10! 300 kW T2K Full POT = 7.8e+21
June 2019 5.5 x 1021 700 kW2
June 2020 7.1 x 1021 700 kW ||
June 2021 8.8 x 10°! 700 kW




CP-violation Ax?

T2K(+NOVA)Dsind 20D iR TE B4 E

PTEP 043C01 (2015), arXiv:1409.7469 [hep-ex]

7 I 1 1
ToK ——
6 NOVA
T2K+NOVA
_ sin2(26,5)=0.1
S Sin2(0q)=0.5
4}
3 s
2 -
1
0

I 5E

- RifR (RIR): REREDY (BL)
* sin?20,5; = 0.1 w/ ultimate reactor prec.
* sin%0,,=0.5
* Am?=2.4x1073eV?
- REHSEET
* T2K

e 7.8 x10%' POT (50% v—50% anti-v)
* NOvA

* 3.6 x 10?1 POT (50% v-50% anti-v)

-150 -100 -50 O
True o¢p

Systematics: 5%(10%) norm. error on sig. (BG)

DimDEFIZKERENHLINE

39




Mass Hierarchy Ay?
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Figure 27: Relation between the expected number of events of T2K and that of NOvA for various
values of §c¢p, sin® 3 and mass hierarchy. The two blue and red upper bands are for the neutrino-
mode run events and the red and blue bottom bands are for the antineutrino-mode run events.
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Event display (same CCQE event)
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