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Novinky v oscilacni fyzice
(od jara 2014)

e NEUTRINO 2014 v Bostonu

e NOVA

e |BNE =» LBNF ELBNF + CERN Neutrino platform
o T2HK

® Daya Bay

e JUNO

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



Urychlovacova a atmosféricka neutrina

(NOVA, ELBNF, T2HK)



NOvVA

(FNAL to Ash River, MN)
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e L=2810km (MINOS 735 km)

® |iquid scintilator tracking calorimeter

® NuMI beam (700kW =» 2MW) s peak energii mezi 2GeV a 7GeV
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e L=2810km (MINOS 735 km)

® |iquid scintilator tracking calorimeter
® NuMIl beam (700kWV =» 2MW) s peak energii mezi 2GeV a 7GeV

® off-axis (monochromaticke spektrum)
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Preziti mionovych neutrin @ NuMIl @ 2 GeV
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e L =3810km (MINOS 735 km)

® |iquid scintilator tracking calorimeter
® NuMl beam (700kWV =» 2MW) s peak energii mezi 2GeV a 7GeV
® off-axis (monochromaticke spektrum)

® povrchovy experiment (narozdil od MINOSu, ten je v Soudan
Underground Lab 700m hluboko) - pozadi z atm. neutrin (40M:1)

e méreni 03i 023 Uhld (MINOS jen 023) a Am?3; véetné znameni,
tj. hierarchie (v konvoluci s CP fazi)

® V. appearance v Vy svazku (rozliseni e- a pl-eventu) tj. moznost
merit CP naruseni - MINQOS jen preziti vy (je to magnetizovany
sendvic Fe+plast. scintilator)
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Oscilace mionovych na elektronova @ NuMI @ 2 GeV (MINOS neumi)
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CP efekt: v, — v., 7, — U, velmi podobné jako na LBNE (dnes ELBNF)
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CP efekt: v, — v., 7, — U, velmi podobné jako na LBNE (dnes ELBNF)
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CP faze, hierarchie;
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Novinky za poslednich 9 meésicu

® Detektory dokonceny (FarDet 29.7.2014, NearDet 12.8.2014)

® /acinaji analyzy dat
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FZU

- Milos Lokajicek - vedeni projektu, computing

- Jaroslav Zalesak - NOvVA run koordinator, DAQ expert, vyvoj a testy
DAQ softwaru, APD expert - testovani APD (testy povrchove upravy)

smeny (dohled nad provozem detektoru v kontrolni mistnosti)

- Ivo Polak - inzenyr, dlouhodobe testovani APD

- Jiri Kvasnicka - inzenyr, dlouhodobe testovani APD

- Josef Zuklin - inzenyr, dlouhodobe testovani APD

- Zdenek Kotek - technik, navrh a vyroba temneho boxu na testovani APD

- Jan Svec - IT specialista, computing

-Vaclav Zamazal - technik, dlouhodobe testovani APD

- Vlastimil Zamazal - technik, dlouhodobe testovani APD

MFF

- Karel Soustruznik - vyvoj QA (quality assurance) + DAQ softwaru (aplikace na
zpristupneni QA dat, aplikace na testovani stavu hardwaru pred instalaci, DAQ downtime
logger, analyza pedestal runu), stavba detektoru (plneni NearDet scintilatorem), smeny

- Petr Tas - smeny

- Tomas Nosek - student, analyza dat v ramci nue skupiny, smeny

- Zuzana Jelinkova - student, analyza dat v ramci nue skupiny, smeny

- Jiri Palacky - technik, vyroba mechanicke casti temnych boxu na

testovani APD
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FJFI

- Jan Smolik - dlouhodobe testovani APD

- Filip Jediny - DCS expert (detector control systems), instalace
a kalibrace DCS hardwaru, navrh noveho DCS systemu pro Blizky
detektor, zodpovedny za system monitorujici prostredi vsech
NOVA detektoru, smeny

- Tomas Vrba - instalace softwaru pro NOvA MC produkci, smeny

- Petr Vokac - instalace, zprovozneni a monitoring MC produkce pro
NOvVA

- V. Linhart - dlouhodobe testovani APD
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LBNE = LBNF, ELBNF + CERN vV platform
(FNAL + Sanford LAB + CERN)
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LBNE (+ Project X)

Situace na jare 2014

e | BNE “stabilne podfinancovano”
® Prostredky (cca 870 M$ od DOE) sdileny mezi svazkem a detektorem (3:1)
® Silne redukovany program (nemoznost jit brzy pod zem, maly detektor)

® Urgentni - konkurence Hyper-K

2014:TDR

2023:start LBNEIO0 @ 700 kW

2026: 1.2 MW (project X phase |), 20kt na povrchu
2028: 34kt na povrchu

2032: 2.4 MWV, nabirani dat do cca 2038

HEPAP P5 navrh na internacionalizaci projektu =% LBNF

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



LBNO + CERN




LBNO + CERN
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LBNO + CERN
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LBNO + CERN

Situace na jare 2014
® Problemy s lokaci (v Pyhasalmi to nechtéji)

® Technologie nezafixovana (LENA - LSci, GLACIER - LArTPC , MEMPHYS -WCQC)

® Mozne potize s vystavbou neutrinoveho svazku “za chodu” SPS/LHC

CERN neutrino platform (as a part of Medium Term Plan)

v CERN offers a platform for Neutrino detectors R&D. This platform is
now part of the CERN MTP. We will support this platform in an active
way and will help WA104, WA105 and others proposals in this initial
phase

v CERN will construct a large neutrino test area (EHN1 extension) with
charged beams capabilities, available in 2016

v CERN will assist the EU neutrino community in their long term
common plans. For the moment CERN is not committing to any
neutrino beam at CERN, in view of an agreed road map between all
partners

® A. Rubbia & ICARUS na ceste do FNAL (sterilni neutrina)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




CERN neutrino platform - EHN |
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CERN neutrino platform - EHN |

v + charged beams for all
experiments

MIND

LAGUNA-PROTO
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LBNF ELBNF + CERN V platform

LBNF : Neutrinovy svazek + infrastruktura - FNAL + mez. partneri

CERN Neutrino platform : testovaci infrastruktura pro ELBNF LAr TPC

ELBNF : mezinarodni spoluprace po vzoru experimentu na LHC

-Vznika mezinarodni struktura a ridici organy

- Predseda docasného sboru instutici Sergio Bertolucci

Casovy plan (pifedbé&iny):

prave ted’: LOI - postupné finalizovan
https://indico.fnal.gov/internalPage.py?pageld=0&confld=9090

2015: TDR
2021: 100t demonstrator
2024: Kompletni detektor

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty
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ELBNF

November 5, 2014

Experimental program at the Long-Baseline Neutrino Facility (ELBNF)

Letter of Intent to Form an International Collaboration

Executive Summary

This Letter of Intent (LOI) brings together a global neutrino community to
pursue an accelerator-based long-baseline neutrino experiment, as well as
neutrino astrophysics and nucleon decay, with an approximately 40-kton (active
mass) modular liquid argon TPC (LAr-TPC) detector located deep underground.
Several independent worldwide efforts, developed through many years of
detailed studies, have now converged around the opportunity provided by the
megawatt neutrino beam facility planned at Fermilab and by the new significant
expansion with improved access foreseen at the Sanford Underground Research
Facility in South Dakota. The new international team has the necessary expertise,
technical knowledge, and critical mass to design and implement this exciting
discovery experiment in a relatively short timeframe. The goal is the deployment
of the first 10-kton detector on the timescale of 2021. The PIP-II accelerator
upgrade at Fermilab will provide 1.2 MW of power by 2024 to drive a new
neutrino beam line at Fermilab. With the availability of space for expansion and
improved access at the Sanford laboratory, this international collaboration will
develop the necessary framework to design, build and operate a world-class
deep-underground neutrino observatory. Fermilab will act as the host
laboratory. This plan is aligned with the European Strategy Report and the US
HEPAP P5 report.

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty
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ELBNF

November 18, 2014

Experimental program at the Long-Baseline Neutrino
Facility (ELBNF)

Letter of Intent to Form an International Collaboration

Executive Summary

This Letter of Intent (LOI) brings together a global neutrino community to
pursue an accelerator-based long-baseline neutrino experiment, as well as
neutrino astrophysics and nucleon decay, with an approximately 40-kton (active
mass) modular liquid argon TPC (LAr-TPC) detector located deep underground
and a high-resolution near detector. Several independent worldwide efforts,
developed through many years of detailed studies, have now converged around
the opportunity provided by the megawatt neutrino beam facility planned at
Fermilab and by the new significant expansion with improved access foreseen at
the Sanford Underground Research Facility in South Dakota. The new
international team has the necessary expertise, technical knowledge, and critical
mass to design and implement this exciting discovery experiment in a relatively
short timeframe. The goal is the deployment of the first 10-kton detector on the
timescale of 2021. The PIP-II accelerator upgrade at Fermilab will provide
1.2 MW of power by 2024 to drive a new neutrino beam line at Fermilab. With
the availability of space for expansion and improved access at the Sanford
laboratory, this international collaboration will develop the necessary
framework to design, build and operate a world-class deep-underground
neutrino observatory. Fermilab will act as the host laboratory. This plan is
aligned with the European Strategy Report and the US HEPAP P5 report.

Neutrinove oscilacni experimenty



EOI: LAr TPC test @ CERN

Expression of Interest
for a Full-Scale Detector Engineering Test
and Test Beam Calibration
of a Single-Phase LAr TPC

M. A Leigui de Oliveira, C.A. Moura, L.Paulucci
Universidade Federal do ABC

Z. Djurcic, G. Drake, M. Goodman, S. Magill
Argonne National Laboratory

D. Adams, M.Bishai, H. Chen, G. De Geronimo, M.V. Diwan, J.Fried, S. Kettell, F. Lanni, S.L1i,
M. Potekhin, V.Radeka, J. Stewart, X. Qian, B. Viren, B.Yu
Brookhaven National Laboratory

J. Griskevich, M. Smy, H. Sobel
University of California, Irvine

A. Renshaw, H. Wang
University of California, Los Angeles

A.Blake, J.Marshall, M. Thomson
University of Cambridge

E. Kemp
Universidade de Campinas

CERN-SPSC-2014-027 / SPSC-EOI-011

08/10/2014

J. Bremer, F. Noto, D. Mladenov, M. Nessi, U. Kose
CERN

)
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EOI: LAr TPC test @ CERN

Universidade Federal do ABC

Argonne National Laboratory
Brookhaven National Laboratory
University of California, Irvine
University of California, Los Angeles
University of Cambridge

Universidade de Campinas

CERN

Colorado State University

University of Delhi

Duke University

ETH Zurich, Institute for Particle Physics
Fermi National Accelerator Laboratory
GSSI - INFN, L’Aquila

University of Hawaii

Indiana University

INFN, LNGS,Assergi

INFN Sezione di Milano

INFN Sezione di Padova

University of Lancaster

INFN, Sezione di Pavia

INFN, Sezione di Milano Bicocca

INFN, Sezione di Catania

Lawrence Berkeley National Laboratory
University of Lancaster

University of Liverpool

Los Alamos National Laboratory
Louisiana State University

University of Manchester

University of Minnesota

University of Oxford

University of Pennsylvania

University of Pittsburgh

Princeton University

University of Sheffield

SLAC National Accelerator Laboratory
South Dakota School of Mines and Technology
Southern Methodist University
STFC/RAL

University of Sussex

University of Texas,Arlington

University of Warwick

University of Wisconsin
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T2HK

(Kamioka, Japonsko)
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Parametry: IMtWC (550 kt FV) @ T2K beam (2.5 stupné off-axis)
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T2HK
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T2HK

Novinky za poslednich 9 mésicu

® v cervnu probehl v CERN 2. evropsky otevreny mitink

® HK zarazen mezi 27 prioritnich projektu jap. védecké rady

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Japanese master plan for large scale research projects
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T2HK

Novinky za poslednich 9 meésicu

® v cervnu probehl v CERN 2. evropsky otevreny mitink
® HK zarazen mezi 27 prioritnich projektu jap. védecké rady
® zména planu, zpozdéni cca 2 roky, start 2025

® financovani R&D (jak Hyper-K tak T2K/J-PARC upgrade)

® R&D pro Hyper-K se soustredi na test-detektor a fotonasobice

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Reaktorova neutrina

(DayaBay, JUNO)



Daya Bay



~ Far Hall
| 1615 m from Ling Ao |
1985 m from Daya Bay
350 m overburden ; ' VR
Ling Ao Near Hall &
481 m from Ling Ao | §
526 m from Ling Ao Il
112 m overburden

..~ - 3 Underground &

.

 Experimental Halls

. ' , 2 ’_-‘::.) 2
el I = SRR, -
B — Daya Bay Near Hall

v/ | [l 363 m from Daya Bay

Y iw i 98 m overburden
. ";-.u
: ‘; Daya Bay Cores
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Daya Bay

liquid regions antineutrino detector detector vessels

W

Gd-doped
scintillator (Gd-LS) inner acrylic target

vessel
undoped scintillator (LS)

outer acrylic vessel
mineral oil (MO)

Ch b o o S L

»\\__\\ ,

stainless steel vessel
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Daya Bay

Novinky za poslednich 9 mésicu /@
7

—@—— Far site data

® Zpresnéni méreni 03 dhlu a Am?s

Weighted near site data (best fit)

Weighted near site data (no o

>| milion eventu =¥ velka statistika

presnost v 03 lepsi nez 6%

lIIIIIIIIIIIIII|III|III|III|III

Events/day (bkg. subtracted)

Sin2 2913 = 00841_8882

Far / Near(weighted)

Am?2 | = 2.441219 x 1073eV?

Prompt energy (MeV)

Nabirani dat do 2017, pak se uvidi Obrazek: C. Zhang @ NEUTRINO 2014
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Daya Bay

Novinky za poslednich 9 meésicu

.- o , Phys.Rev. D90 (2014) 7,071101
e Méreni 03 ze eventl tagovanych

> s
, ® 1800
zachytem neutronu na H (vs. Gd) 2 oE
& He
V.+p—oe +n g 1M0o0E- ¢ t *g
+H > D+y 2.2 MeV 200 ps £ 12001 5
+Gd >Gd" >Gd+y's 8MeV 30us W 10002—# A P
- + 0 05 1 15 2
800— p'e Weighted baseline [km]
— ¥
+ odli$na systematika ) 3
4ooz_++|= hall ‘e
+ vetsi aktivni objem 200 i *..
- + Near hall weighted %s
v wvr = “‘W
- vétsi background - | Lo s T
2" 1.2 :
- nizsi energie a delsi prodleva fotonu L * |
w =
Lot iAo
sin?26 = 0.083 + 0.018 0.9} + ' _ Bestiitratio
B ¢
0.8
tj. cca 20% rel. chyba =] .
L 4 6 8 10 12
Prompt Energy [MeV]
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(Measured) / (Expected from EH1)

Michal Malinsky, UCJF MFF UK

1.2

1.2
1.

0.90
0.8

Daya Bay

Novinky za poslednich 9 meésicu

® Dalsi omezeni na sterilni neutrina v oblasti 102 eV?2 < Am?41 < 0.1 eV?

3 v best fit

§+

T
Prompt energy (MeV)

dashed curves assumes sin?260:4= 0.1

N> i
9
R -1
~ 510 =
E g
< -
107}
5 Daya Bay
5 7 DayaBay 95% C.L.
10 ¢
~ DayaBay 95% CLs
""" Bugey 90% C.L. (40m/15m)
.4 1 1 lllllll 1 l lllllll 1 L1 1 111
10 - z g
10° 10° 10"

Obrazky: C. Zhang @ NEUTRINO 2014
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Daya Bay v CR

MFF
- Rupert Leitner - vedouci a clen Publication comitee
- Bedrich Roskovec - nestandardni interakce neutrin
- Viktor Pec - analyza michelovskych elektronu
- Vit Vorobel - testovani a instalace RPC

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty
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(Jiangmen Underground Neutrino Observatory, Cina)



JUNO

¢ Previous site

: Huizhou
Daya Bay

Current site
B,

H-ongkong

= & U
Taishan

» -/
<¥angjiang
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Nobs/Nexp

Michal Malinsky, UCJF MFF UK

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

60 km KamLAND

- BOD & XOXP—t—x
—4&

ILL

Bugey
Rovno
Goesgen

Krasnoyark v

Savannah River ’ +

Daya Bay - Daya Bay Il —

Near Site

1 Far Site

Palo Verde \ 4

Chooz
]

® KamLAND

| | |

—_—
<

—

10°

Distance to Reactor (m)

10" 10
Courtesy: Yifang Wang
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Events/10 keV (10*p y)"

Hierarchie:

Michal Malinsky, UCJF MFF UK

Courtesy: Yifang Wang

02F

6 8 10
Neutrino energy (MeV)

W AE, < 3%
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Jiangmen Underground Neutrino Observatory

China to build a huge underground

neutrino experiment

Mar 24, 2014 5 comments

L/ »
.
o g £3-2F

T si for the Jig;;n-\-er‘l Uderc;und Neut

rino Obse rvatory

o T

-

“Work has started on a
huge underground neutrino
lab in China. The $330m
Jiangmen Underground
Neutrino Observatory
(JUNO) is being built in
Kaiping City, Guangdong
Province, in the south of the
country around 150 km
west of Hong Kong. When
complete in 2020, JUNO is
expected to run for more
than 20 years, studying the
relationship between the
three types of neutrino:
electron, muon and tau.”

Wei Wang

Michal Malinsky, UCJF MFF UK

IPA 2014 Queen Mary, Aug 19, 2014
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Diky za pozornost !



Neutrino 2014 highlights



Novinky v oscilacni fyzice

(od jara 2014)

Neutrino 2014 highlights

® Prvni neutrinovy event s E ~ 2 PeV na IceCube

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Globalni fity



Globalni fity oscilacnich parametru

(jaro 2014)

Forero, Tortola, Valle
Phys.Rev. D86 (2012) 073012

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



Globalni fity oscilacnich parametru

(podzim 2014)

Forero, Tortola, Valle
Phys.Rev. D90 (2014) 093006

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



BACKUP SLIDES



nuSTORM

(mionovy akumulacni prstenec)

~—

Fermilab/CERN?

Main Ring

Main Injector '

-~

K 3.8 GeV +- 10%
Muon Decay Ring
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nuSTORM

(mionovy akumulacni prstenec)

Neutrina z rozpadu akumulovanych mionu

7T+—>,LL+—|—I/M

L, et 47, + 1

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



nuSTORM

(mionovy akumulacni prstenec)

Neutrina z rozpadu akumulovanych mionu

L, et j

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



nuSTORM

(mionovy akumulacni prstenec)

Neutrina z rozpadu akumulovanych mionu

T

|_> et ]

Velmi detailni znalost spektra/kompozice svazku:

800000}

B ()]
o o
o o
o o
o o
o o
~

200000 )

Number of Events / 0.30 GeV

-- v,—v, CC: 3960421.8 ev -

w
o
o
o
o
o

Number of Events / 0.30 GeV

Michal Malinsky, UCJF MFF UK

2 3 4 5
Neutrino Energy [GeV]

4000001

200000

100000

-~ 1,7, CC: 2145632.2 eV -

6 7 0

2 3 4 S5 6 7
Neutrino Energy [GeV]

100T fid. vol. near detector @ 50m & 10?' POT, 4GeV muons
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nuSTORM

(mionovy akumulacni prstenec)

Detailni a definitivni test LSND anomalie (10 sigma) Am?2 ~ 1eV?

CPT: P(7, — 7.) = P(ve — v,,) Loy~ 10m x —2

MeV

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



nuSTORM

(mionovy akumulacni prstenec)

Detailni a definitivni test LSND anomalie (10 sigma) Am?2 ~ 1eV?

_ _ E,
CPT: P(v, — V) = P(ve — v,,) Ly/2 ~10m x oV
Far detector @ 2 km v§%’ble SuperBIND Detector

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




nuSTORM

(mionovy akumulacni prstenec)

Detailni a definitivni test LSND anomalie (10 sigma) Am?2 ~ 1eV?

_ _ E,
CPT: P(v, — V) = P(ve — v,,) Ly/2 ~10m x oV
Far detector @ 2 km v§%’ble SuperBIND Detector

Predstupen mionoveho collideru v (daleke ?) budoucnosti

Presna méreni ucinnych prurezu GeV neutrin (hlavné ve) s jadry

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




nuSTORM

(mionovy akumulacni prstenec)

LOI podepsalo cca 100 lidi

(USA, Kanada, Indie, Japonsko, Francie, Itilie, Némecko, Polsko, Spanélsko, Velka Britanie)

Status: LOI zaslan Fermilabu v roce 2013

Odhadovana doba realizace cca 10 let (technologie existuje)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




nuSTORM

(mionovy akumulacni prstenec)

LOI podepsalo cca 100 lidi

(USA, Kanada, Indie, Japonsko, Francie, Itilie, Némecko, Polsko, Spanélsko, Velka Britanie)

Status: LOI zaslan Fermilabu v roce 2013

Odhadovana doba realizace cca 10 let (technologie existuje)

Odhad nakladi: Sub System

Primary Beam Line

Target Station 56
Transport Line 14
Decay Ring 82
Near Hall 292
Far Detector 243
Sub Total 229
Project Office 344
Total 263

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



Praha, 11.3.2014

Neutrinove oscilacni experimenty - vyhled

Michal Malinsky

UCJF MFF UK



Hmotna neutrina ve SM’

Lce D Ea’Y'u(VPMNS)aiViWu_ + h.c. Lae=...
Emass > My ViLViR -+ h.C. Dirac
Limass 2 MiVipVir + h.c. Majorana
5
C12C13 S12C13 513€
VbuMng = | —C23S12 — S23C12813€°°  C23C12 — S23512513€°°  S23C13
- ’
S23812 — C23C125813€"°  —S8923C12 — C23512513€"°  C23C13
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Hmotna neutrina ve SM’

Lce D Ea’Y'LL(VPMNS)aiViWJ + h.c. Lae=...
Emass > My ViLViR -+ h.C. Dirac
Limass 2 MiVipVir + h.c. Majorana
5
C12C13 S12C13 513€
VbuMng = | —C23S12 — S23C12813€°°  C23C12 — S23512513€°°  S23C13
- ’
S23812 — C23C125813€"°  —S8923C12 — C23512513€"°  C23C13

3 uhly, 3 hmotnosti (oscilace vidi jen Am?j = m; — m? ), CP faze

Majorana: 2 CP faze navic (neviditelné v oscilacich)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Oscilacni parametry

JHEPI2 (2012) 123

bfp 1o 30 range
sin? 012 0306 5015 0.271 — 0.346
612/° 335 sl 31.37 — 36.01
sin? a3 0.4467 0008 © 0.59310027  0.366 — 0.663
623/° 41.9 @503 ¢ 37.2 = 54.5
sin? 13 00281 1 0.0173 — 0.0288
613/° 873 o 7.56 — 9.77
écp/° 266" 3 0 — 360
2
10A;n2§72 TAsT 012 6.98 — 8.05
B -
Am%l +0.014
T (N) 124170 +2.247 — +2.623
IOATgi,g (D) —2A T —2.602 — —2.226
€

Michal Malinsky, UCJF MFF UK
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Oscilacni parametry

JHEPI2 (2012) 123

bfp 1o 30 range
sin? 012 03067 5o 0.271 — 0.346
612/° 335 sl 31.37 — 36.01
sin? a3 0.4467 0008 © 0.59310027  0.366 — 0.663
623/° 41.9 @503 ¢ 37.2 = 54 5

50173 0.0288

sin? 63 0023170 019 \ Daya Bay
913 /o 8. 73+8 gg _)9
écp/° 266" 3 0 — 360
2
IOA?{,—z Ll 6.98 — 8.05
Bk -
Ay +0.014
S (N) 15 m00H +2.247 — 42.623
IOATg’i,g (1) —2.4117+0.062 2,602 — —2.226
€
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Oscilacni parametry

bfp 1o 30 range
sin? 012 03067 5o 0.271 — 0.346
612/° 335 sl 31.37 — 36.01
sin? a3 0.4467 0008 © 0.59310027  0.366 — 0.663
623/° 41.9 @503 ¢ 37.2 = 54 5
sin” 613 0. 0231+g gors ,__;,.'00173 0,028
écp/° 266tgg
2
IOA;"?{/Q el 12 6.98 — 8.05
B <
Am%l +0.014
T (N) +2.417+0-014 +2.247 — +2.623
IOATgi,g (D) —2A T —2.602 — —2.226
€

JHEPI2 (2012) 123

Daya Bay

CP naruseni
(Dirakovska faze)

Michal Malinsky, UCJF MFF UK
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Oscilacni parametry

bfp 1o 30 range
sin? 012 03067 5o 0.271 — 0.346
612/° 3357 Lt 31.37 — 36.01
sin? a3 0.4467 0008 © 0.59310027  0.366 — 0.663
623/° 419" S0 372 — 545
sin” 63 0. 0231+g gors  .0 0173 — 0.0288
écp/° 266tgg
2

mA—Tﬁﬂ 7451019 6.98 — 8.05
T (N) LR S 42.247 — +2.623

Ams 5 (1) s NG2.602 - —2.2_,

10-3 eV

JHEPI2 (2012) 123

Daya Bay

CP naruseni
(Dirakovska faze)

Hierarchie

Michal Malinsky, UCJF MFF UK
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Oscilacni parametry

HEPI2 (2012) 123
bfp 1o 30 range J ( )

sin? 012 03067 5o 0.271 — 0.346
612/° 3357 Lt 31.37 — 36.01

sin? 03 0:4467 0 08 @ 05937 5 047 0.366 — 0.663
023/° 41.910-% ¢ 50.313S 37 z i 54 5 Oktant [3

i 0.0231% 0015 ;}"0 0173 — 0.0288 Daya Bay
013/° Rzt 156 = 9.77

CP naruseni

Bk 110 266122
cp/ —63 (Dirakovska faze)

2
IOA_ZL:{, i 7510 12 6.98 — 8.05

10A—TZ§/2 (N) +2.41775 014 S F2.247 - +2.623 ™

Am32
103 eV

Hierarchie

z (D —2.411% g6
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Reaktorova neutrina

JUNO

(Jiangmen Underground Neutrino Observatory, Cina)



JUNO

(reaktorova neutrina)

Jiangmen Underground Neutrino Observatory (Daya Bay II)

¢ Previous site

-~

~—

_ Lufeng
3 Huizhou

Daja Bay

Current site e
- Hongkong
, g )
o2 Taishan
£Yangjiang
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JUNO

(reaktorova neutrina)

60 km KamLAND

= Daya Bay _ Daya BayII —
Near Site
1.2 X 1 Far Site
. B
K W
~
9o ()8F
Z A ILL
& ¥ Savannah River ’
zo 0.6 O Bugey
X Rovno
04 o Goesgen
A Krasnoyark v
02+ 0O PaloVerde
B Chooz ® KamLAND
0.0_1 \ | \ I
10’ 10° 10° 10* 10°
Distance to Reactor (m) Courtesy: Yifang Wang
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JUNO

(reaktorova neutrina)

60km  KamLAND
14F Daya Bay - Daya BayII —

Near Site

1.2 ¥ 1 Far Site
Lo|-- | S— -
K W
-
© 08F
Z A ILL
& ¥ Savannah River ’
zo 0.6 O Bugey +
X Rovno
04 o Goesgen
A Krasnoyark v
02F O PaloVerde
B Chooz ® KamLAND
0.0_1 | I \ I
10’ 0> 100 1wt 10

Distance to Reactor (m) Courtesy: Yifang Wang
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JUNO

(reaktorova neutrina)

60km  KamLAND
14F Daya Bay - Daya BayII —

Near Site

1.2 ¥ 1 Far Site
Lo|--  E— -
- T y
-
© 08F
Z A ILL
& ¥ Savannah River ’
zo 0.6 O Bugey +
X Rovno
04 o Goesgen
A Krasnoyark v
02F O PaloVerde \ 4
B Chooz ® KamLAND
0.0_1 | I \ I
10’ 0> 100 1wt 10

Distance to Reactor (m) Courtesy: Yifang Wang
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JUNO

(reaktorova neutrina)

ETTETi | FEeTe

Muon tracking — - S——— i —
Stabilons spalank w LIt ’
Water Seal _‘
Water Buffer 10kt ’
Oil buffer 6kt T

~15000 20” PMTs _ _ gy
optical coverage: 70-80% P .-

o S e
VETO PMTs o R kD
3 - L
o Pl .. y
“ pt o g
- -
oS ] ‘. '0 ’
y ' s ) * Py <
- = , . ¢
a - ’ .‘ . ‘ ‘ 2 .' A -
o | \ . e .
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. . v . - - " . .
- . -
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JUNO

(reaktorova neutrina)

ETTETi | FEeTe

Muon tracking"'""

S ) [ P e T
Stainless steel tank . B ’
Water Seal ,‘
Water Buffer 10kt .“_".‘-
Oil buffer 6kt RS
“w optical coverage: 70-80% . ‘ et d gy AE Y SJ 3 O
VETO PMTs — .., /..., ey
.‘. ',:” .'.- /. : :
g IR e Pt PR X pog ..~. 2
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JUNO

(reaktorova neutrina)

Courtesy: Yifang Wang

Events/10 keV (10*p y)"

0 ] = 8 10
Neutrino energy (MeV)
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JUNO

(reaktorova neutrina)

Courtesy: Yifang Wang

Events/10 keV (10*p y)"

0 ] = 8 10
Neutrino energy (MeV)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



JUNO

(reaktorova neutrina)

Courtesy: Yifang Wang
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JUNO

(reaktorova neutrina)

Current Daya Bay 11
Am?,, 3% 0.6%
Am?,, 5% 0.6%
sin%0,, 6% 0.7%

2014: final CDR, civil construction, PMT prototyping!?
2016: PMT production

2017: Detector
2018: LS production
2019: Instalation

Celkove naklady: 300 M$

2020: Running Pro nas: prirozene pokracovani DB

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Neutrina z urychlovacl + atmosféricka

Hyper-K

(Kamioka, Japonsko)



T2K

(urychlovacova & atmosfericka neutrina)
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T2K

(urychlovacova & atmosfericka neutrina)
‘i\
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T2K

(urychlovacova & atmosfericka neutrina)

neutrina z urychlovaée (J-PARC) v, — Ve, Uy, — Ve  ER® ~ 0.5GeV
|

10,
- P(osc.)
0.8}
0.6}

(14? ‘¢

02 _ L GeV T2K

00L

100 1000 104
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T2K

(urychlovacova & atmosfericka neutrina)

neutrina z urychlovaée (J-PARC) v, — Ve, Uy, — Ve  ER® ~ 0.5GeV
|

|

atmosfericka neutrina - appearance
Vi — Ve, Vy — Vg

|

10

- P(osc.)
0.8}

06

04

02|

00L

100 1000 104
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T2K

(urychlovacova & atmosfericka neutrina)

neutrina z urychlovaée (J-PARC) v, — Ve, Uy, — Ve  ER® ~ 0.5GeV
|

|

atmosfericka neutrina - appearance atmosfericka neutrina - survival
yu—>ue,ﬁu—>7€ Ve =— Ve, Ve = Ve
|
Lo, 10 :
- P(osc.) - P(surv.)
08k 0.8 |
0.6] 06}
04} 04k
02} ool L GeV
_ | F km
0.0 00l .
100 1000 10% 100
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Parametry: IMtWC (550 kt FV) @ T2K beam (2,5 stupné off-axis)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

S

20

T2Hyper-K

0.15
CP efekt: Vy — Ve, Uy — Ve

0.10

0.05

3-sigma pokryti :az /4% param. prostoru .

v mode
600k
> F 5=0 > 400F 8=0
g - r- d=1/2n g = d=1/2n
o :r-q' d=n o 300F &=n
% 400 i L 8=1/2n % _ a! d=-1/2n
= = i Total BG T 200F il = Total BG
o H o - B
> o0of /v, BG > F . 7
o 200F M TR Nilp R
E F 100 _FF
E ;Hl...l...l... saad a1 n
% 1 2 % 1 2
E,¢ (GeV) E,"©¢ (GeV)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Atmosfericka neutrina v Hyper-K

Hor b (ve)/Po(ve) — 1 [@ 10 000km]
Oktant [43 (> 90% C.L.)
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Atmosfericka neutrina v Hyper-K

Hor b (ve)/Po(ve) — 1 [@ 10 000km]
Oktant [43 (> 90% C.L.)

|. oktant

Hierarchie (> 30 C.L)

NH: MSW efekt pro neutrina

IH: MSW efekt pro antineutrina _,; Il. oktant E[GeV]
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Atmosfericka neutrina v Hyper-K

Hor b (ve)/Po(ve) — 1 [@ 10 000km]
Oktant [43 (> 90% C.L.)

05l |. oktant

Hierarchie (> 30 C.L)

Y ¥ - le1|”
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F
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Physics Target Sensitivity Conditions
Neutrino study w/ J-PARC v 1.66 MW x 5 years (1 year = 107 sec)
— CP phase precision <18 @ 5226,3(= sin® 26,3) > 0.03 and

— CPV 30 discovery coverage

74% (55%)
74% (63%)
66% (59%)

mass hierarchy (MH) is known

Q 5226,3 = 0.1, MH known(unknown)
Q 5226,3 = 0.03, MH known(unknown)
@ s%260,3 = 0.01, MH known(unknown)

Atmospheric neutrino study
— MH determination

— 6,3 octant determination

> 3o CL
> 90% CL

10 years observation
@ 0.4 < 52093 and 0.04 < 52263
Q 822923 < 0.99 and 0.04 < 322913

Nucleon Decay Searches

—p—et+a°

—p—a> v+ KT

1.3 x 10%° yrs (90% CL)
5.7 x 1034 yrs (30 CL)
2.5 x 103 yrs (90% CL)
1.0 x 103 yrs (30 CL)

10 years data

Michal Malinsky, UCJF MFF UK
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Physics Target Sensitivity Conditions
Neutrino study w/ J-PARC v 1.66 MW x 5 years (1 year = 107 sec)

— CP phase precision <18 @ 5226,3(= sin® 26,3) > 0.03 and
———— mass hierarchy (MH) is known

Q 5226,3 = 0.1, MH known(unknown)
Q 5226,3 = 0.03, MH known(unknown)
00 70 (5970) @ s%260,3 = 0.01, MH known(unknown)

v- — CPV 3o discovery coverage

74% (55%

- 5

10 years observation
@ 0.4 < 52093 and 0.04 < 52263
Q 822923 < 0.99 and 0.04 < 822913

“Xtmospheric neutrino study

— MH determination

Nucleon Searches . 10 years data

—p—et+a° 1.3 x 103° yrs (90% CL)
5.7 x 1034 yrs (30 CL)
—p P+ KT 2.5 x 10** yrs (90% CL)

1.0 x 103 yrs (30 CL)
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Hyper-K & T2HK

(urychlovacova & atmosfericka neutrina)

Physics Target Sensitivity Conditions
Neutrino study w/ J-PARC v 1.66 MW x 5 years (1 year = 107 sec)

— CP phase precision <18 @ 5226,3(= sin® 26,3) > 0.03 and
———— mass hierarchy (MH) is known

Q 5226,3 = 0.1, MH known(unknown)
Q 5226,3 = 0.03, MH known(unknown)
00 70 (5970) @ s%260,3 = 0.01, MH known(unknown)

v- — CPV 3o discovery coverage

74% (55%

- 5

10 years observation
@ 0.4 < 52093 and 0.04 < 52263
Q 822923 < 0.99 and 0.04 < 822913

“Xtmospheric neutrino study

— MH determination

Nucleon Searches . 10 years data

3 x 1035 yrs (90% - '
NG X 10% yrs (3 op)” NOZPAD PROTORUE
=PRI 2.5 x 10** yrs (90% CL)
1.0 x 10** yrs (30 CL)

—p—et+a°
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Hyper-K

(urychlovacova & atmosfericka neutrina)

Cost Estimate

Total 800M USD*
Cavern 300M USD
Tank & structure 200M USD
Photo-sensors 200M USD
Near Detector 30M USD @Tokai

*The cost of rock disposal and water purification system to be added in the future

Jaro 2014:

- CDR, ceka se na finalni rozhodnuti o financovani (2016)

- formuje se evropska cast kolaborace
(QMUL, ICL,U. Liverpool, INFN, U. Geneva, Krakow, Saclay, Lisbon, ...)

Pro nas (?) elektronika, kalibrace, blizky detektor @ J-PARC ...

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Neutrina z urychlovacl + atmosféricka

LBNE

(Long Baseline Neutrino Experiment, Lead, Jizni Dakota, USA)



LBNE

(urychlovacova & atmosferlcka neutrina)
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LBNE

(urychlovacova & atmosfericka neutrina) v
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LBNE

(urychlovacova & atmosfericka neutrina) v
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LBNE

(urychlovacova & atmosfericka neutrina)

Rozpocet: DOE prislibil 867M$, vetsina na svazek, detektor cca 25%

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



LBNE

(urychlovacova & atmosfericka neutrina)

Rozpocet: DOE prislibil 867M$, vetsina na svazek, detektor cca 25%

2 faze:  LBNEIO: 10kt na povrchu (nelze rozpad protonu)

LBNE: 35kt pod zemi (cca 1500 m), blizky detektor

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




LBNE

(urychlovacova & atmosfericka neutrina)

Rozpocet: DOE prislibil 867M$, vetsina na svazek, detektor cca 25%

2 faze:  LBNEIO: 10kt na povrchu (nelze rozpad protonu)

LBNE: 35kt pod zemi (cca 1500 m), blizky detektor

Svazek: 700 kWV, v planu upgrade na |.2 MWV, eventuelne 2.3 MW (project X)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




LBNE

(urychlovacova & atmosfericka neutrina)

P(v, — ve)
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LBNE

(urychlovacova & atmosfericka neutrina)

P(v, — ve)

CP efekt Oktant Hierarchie
0.12
$ sin (29 =0.094 sin® (2644)=0.094 sin (291%0 .094
0.1 = Normal ierarchy { | Normal ierarchy { | L.1300
i Ogp=mi2 L=1300 km 2 L=1300 km
sin“(6,5)=0.6 dcp=0
Amz; >0 eV” (Normal)
0.06 |y : ., $in%(0,5)=0.5
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£ $in%(8,3)=0.4"., "\,
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1 2 32 ‘4 % 8 Z* 8 1 2|3 4 5 8 T B
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L(LBNE) = 1300 km > L(T2HK) - efekt hierarchie vyznamny

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




LBNE

(urychlovacova & atmosfericka neutrina)

v, spectrum

35 kton LAr @ 1300 km
5 yrs v mode
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Normal hierarchy

Ty
™

—
N
=)

— Signal, 5., = 0°
Signal, 8., = 90°

—— Signal, 3, = -90°

NC

3 v, CC

(I v. CC

Beam v, CC

Event_s/b.25 GeV
-]
=

o
=)

60

- —
, AP - AEERASRINEC L
S "”” { -;o;c'-’o'o'o" X .':’:':’:°:‘ »

e =
L) L) -
) L) R
-/A L et ele s tate el o [
e
= il -

X

||||||||||I e, A o -8 B B

Y7 SSSSSSSEHEAIIINNE . ——-—-—-———
1 2 3 4 5 6 7 8

Reconstructed Neutrino Energy (GeV)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty



LBNE

(urychlovacova & atmosfericka neutrina)

Citlivosti zhruba srovnatelne s T2HK

Hierarchie CPV
10 -LBNE10[
LBNE10+T2K+NOVA
8 ['T2K+NOvVA
By 5
I 1
© 4 ©
2 >
0
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LBNE

(urychlovacova & atmosfericka neutrina)

Prototyp: 35t LAr TPC vyzkouseny, Cistota Ar klicova

Status & timeline: 2014:TDR
2023:start LBNEIO0 @ 700 kW
2026: 1.2 MW (project X phase 1), 20kt na povrchu
2028: 34kt na povrchu

2032: 2.4 MWV, nabirani dat do cca 2038

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




Neutrinos from STORed Muons

NuSTORM

(Fermilab ? CERN ?)



nuSTORM

(mionovy akumulacni prstenec)

~—

Fermilab/CERN?

Main Ring

Main Injector '

-~

K 3.8 GeV +- 10%
Muon Decay Ring
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nuSTORM

(mionovy akumulacni prstenec)

Neutrina z rozpadu akumulovanych mionu

7T+—>,LL+—|—I/M

L, et 47, + 1
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nuSTORM

(mionovy akumulacni prstenec)

Neutrina z rozpadu akumulovanych mionu

L, et j
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nuSTORM

(mionovy akumulacni prstenec)

Neutrina z rozpadu akumulovanych mionu

T

|_> et ]
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nuSTORM

(mionovy akumulacni prstenec)

Detailni a definitivni test LSND anomalie (10 sigma) Am?2 ~ 1eV?

CPT: P(7, — 7.) = P(ve — v,,) Loy~ 10m x —2

MeV
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nuSTORM

(mionovy akumulacni prstenec)

Detailni a definitivni test LSND anomalie (10 sigma) Am?2 ~ 1eV?

_ _ E,
CPT: P(v, — V) = P(ve — v,,) Ly/2 ~10m x oV
Far detector @ 2 km v§%’ble SuperBIND Detector
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nuSTORM

(mionovy akumulacni prstenec)

Detailni a definitivni test LSND anomalie (10 sigma) Am?2 ~ 1eV?

_ _ E,
CPT: P(v, — V) = P(ve — v,,) Ly/2 ~10m x oV
Far detector @ 2 km v§%’ble SuperBIND Detector

Predstupen mionoveho collideru v (daleke ?) budoucnosti

Presna méreni ucinnych prurezu GeV neutrin (hlavné ve) s jadry
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nuSTORM

(mionovy akumulacni prstenec)

LOI podepsalo cca 100 lidi

(USA, Kanada, Indie, Japonsko, Francie, Itilie, Némecko, Polsko, Spanélsko, Velka Britanie)

Status: LOI zaslan Fermilabu v roce 2013

Odhadovana doba realizace cca 10 let (technologie existuje)

Michal Malinsky, UCJF MFF UK Neutrinove oscilacni experimenty




nuSTORM

(mionovy akumulacni prstenec)

LOI podepsalo cca 100 lidi

(USA, Kanada, Indie, Japonsko, Francie, Itilie, Némecko, Polsko, Spanélsko, Velka Britanie)

Status: LOI zaslan Fermilabu v roce 2013

Odhadovana doba realizace cca 10 let (technologie existuje)

Odhad nakladi: Sub System

Primary Beam Line

Target Station 56
Transport Line 14
Decay Ring 82
Near Hall 292
Far Detector 243
Sub Total 229
Project Office 344
Total 263
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