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Prize share: 1/2

Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki
Kajita and Arthur B. McDonald “for the discovery of neutrino

oscillations, which shows that neutrinos have mass”
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Figure 3: Global analysis of oscillation data from long-baseline accelerator, solar and Kam-
LAND., short-baseline reactor, and atmospheric neutrino experiments. Line styles and colors

*0p S

1.23%$4 53"2)6 - 3 47'5389%4 :

are as in Fig. 1.
#$ ' d (# )
/ +0 4+
.:7/ 0) +
© 1.23%45 % =

e

s d (203



47'5  0''9!)(0$69-

I +
++

++
' 9 ##

Earth Model - colors show density in kg/dm*3
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SK-Gd phase:
Add gadolinium (Gd) to enhance neutron tagging efficiency of the SK detector.

FY2018

Water filling & purification

2

Pure water

Observatlonf Normal run

Commissioning of the water |_______—-. Normal run

TO: Start SK detector refurbishment (May 31, 2018)
e Jun. ~ Dec. 2018: refurbishment & water filling
e Jan. 2019 ~: pure water run

T1: Load first 10 ton Gd2(S04)3 [0.01% Gd, 50% eff.]

e First possible T1 is ~2019/2020 (will be decided with T2K/J-PARC v beam)
T2: Load additional 90 ton Gd2(S04)3[0.1% Gd, 90% eff.]
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The water level is about 3m.
The ID PMTs will be appeared
to the surface of water soon..

- Measurement of

magnetic field in
the inner detector.
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Works in the outer
detector. The

.1 outer detector is

\ about 2m wide..
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Replacement
work of inner
detector PMTs.

The gondola lift in
the inner detector

R 3

e
~ All the water of the
tank is drained
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VvV, appearance
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Energy vs. Baseline
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2" Hyper-K detector in Korea ?

v, —>V, at 1100 km
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neutrino physics part 2

Phys.Rev.D72:033003,2005
Phys.Lett.B637:266-273,2006
Phys. Rev. D81, 093001, 2010

@ The 2" HK
tank can be
located some
other place.

® About 10
years ago, this
possibility was
discussed.

@ Now this
possibility is
revisited...
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Ocp Precision Sensitivities

= Important for flavor symmetry model of neutrino mixing

True Normal Ordering True Inverted Ordering
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At maximum CP violation: JD+KD 1.5°: 6(8p) = 13~14 degree
JDx?2 : 6(0cp) ~ 17 degree
JDx1 : 5(Ocp) ~ 22 degree
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I I I 1 5 1 North Dakota
u SANFORD UNDERGROUND
RESEARCH FACILITY
th Dak
— Sou. akota

Sanford
Underground
Research S
Facility o el

1. A high-power, wide-band neutrino beam (~ GeV energy range).

2. A 40 kt liquid-argon Far Detector in South Dakota, located 1478
m underground in a former gold mine.

3. A Near Detector located approximately 575 m from the neutrino
source at Fermilab close to Chicago.

CERN Neutrino Meeting



Staging Assumptions

Year 1 (2026): 20-kt FD (SP/DP) with 1.07 MW (80-GeV)
beam and initial ND constraints

Year 2 (2027): 30-kt FD

Year 4 (2029): 40-kt FD and improved ND constraints (4%
module technology still open, “module of opportunity”)

Year 7 (2032): upgrade to 2.14 MW (80-GeV proton) beam

Exposure Exposure
(kt-MW -years) (Years)

171 5
300 7
556 10
984 15

T CERN Neutrino Meeting @ (\

RO~




CP Violation Sensitivity

DUNE Sensitivity
Normal Ordering
sin?2q,, = 0.085 + 0.003
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True complementarity

Current long-baseline experiments have 8-12%
systematics in appearance channels:

 DUNE has a argon target (A=40)

* Hyper-K has oxygen target (A=16)

* Inclusive versus exclusive energy reconstruction
* Different baselines

. . 9% Il
 Different energies B 2 %

If the results from DUNE and Hyper-K agree, we
would have very high confidence that systematic
errors are under control at the percent level.

P. Huber - VT-CNP - p. 14
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Alternative configurations of LBL experiments

/PZO (Adv. High Energy Phys.2013, 782538 (2013)): "
at Protvino (Omega project, 70 GeV, 450 kW).
Baseline: 2590 km.

Excellent sensitivity on MH, mild sensitivity on CP

J. Brunner, Poster #74

A

[ R N S

Use ORCA as far detector and create a neutrinobeam .}

Pacific (arXiv:1610:08655):neutrino beam from FNAL
similar to NUMI medium energy tune, fired to a 10
Mton KM3NeT-like detector placed at a baseline of neptu
3100 km (Neptune/OO0I deep sea observatories). j
E,~ 6.2 GeV. It would accumulate 100 more events

than Dune for the same number of pot.

N

PACIFIC neutrinos :

h 4
N _ SURF/DUNE
> /

~ S0

>
-h._h
—

L~ 3100km
E,~ 6.2 GeV

' | AAG6
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Target station (studied in EUROV).
Underground detector (WC a la Hyper-K
studied in LAGUNA).

Short pulses (~us) will also allow DAR
experiments (as those proposed for SNS) using
the neutron target.
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Alain Blondel Search for Right Handed
Neutrinos
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Future Circular Collider Study - SCOPE

CDR and cost review for the next ESU (2018)
Forming an international
collaboration to study:
e pp-collider (FCC-hh)
~16 T 100 TeV pp in 100 km

ultimate goal defining
Infrastructure requirements

o e*e collider (FCC-ee)
as potential first step
ECM=90-400 GeV

 p-e (FCC-he) option

e 80-100 km infrastructure in
Geneva area
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RH neutrino production in Z decays

Production:

multiply by 2 for antineutrino and add contributions of 3 neutrino species (with different |U|?)|

D
ecay Decay length:

cm

NB CC decay always leads to
3 2 charged tracks

Backgrounds : four fermion: e+e- W**W* e+e-  Z*(w) + (Z/g)*

A+ ) 6+ OXF y

12/12/2018 Alain Blondel I he FCCs %D
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