RERZFER SEEERR

AEXIEEFR , 201456 H26H



RNFELARE

—HMELAENERAF , HHRIERPTTZ—
AwH , I8, NFEASYRRM ( TREFR )
EliIEBEE=ERRT

2014-6-26



Supernovae v
~ 5k In 10s for 10kpc

Solar v
tens/day

Cosmic muons
~ 250k/day

0.003 Hz/m?
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In a 3-v framework
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First Measurement of |Am?Z, |

Announced on Aug.22 at Nufact2013
Submitted to PRL, arXiv: 1310.6732
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Latest Results from Daya Bay

= 3 217 days data (2013)
" e sin? 26,3 = 0.090+3:998
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B []955%CL T | | i —
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] 251 .
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Let’s think about these regions!

* Comparing with the
external reactor
constraint the best
overlap is for the
normal hierarchy with
6,,=—T1/2.

This is a lucky point!

You also need to
increase the 8,; mixing
angle to account for
the number of
observed events.
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Note: Marginalized  sin“26,
over 6,, and Am?,,
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Double Chooz and RENO

® sin’(2613) = 0.09 + 0.03 (x2/n.d.f.) = 51.4/40
@ Observed excess at [4,6] MeV not yet
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KamLAND
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Expected 1o error on sin®20,, = 0.1

Projections of 6,; ..
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Absorber Muon Monitors
Target D . \ l l 1
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®m Neutrinos at the Main Injector(NUMI)

e 120 GeV proton beam from the main Injector on graphite
target, power ~ 310 kW

e Produced hadrons, mainly pi and K, will decay to neutrinos
T S u +v,

nt - ut +vy, ut—et +v, +v,




Some recent results from ICARUS

C. FARNESE
INFN Padova

Accelerator neutrinos

On behalf of the
ICARUS Collaboratio

Upgraded “Neutrinos at the Main
Injector” (NuMI) Accelerstor Complex
— 3206W == 700 kW beam power

censtructiam
2003 -

37w 2007 (C. Farnese)

Narrow band "Off-axis” beam
configuration

V centered at 2 GeV

Sited at first ozcillation maxmum

— Maomizes ¥V, ~ ¥, {appearance)

TARRT TRACCERS
# m

wtripe mals
- 250200 Xy

rpesmad
* WLS fber readost
=
* 00 cm remel, o 99
« et 30 Waptesd

®lpe

— Minimizes V> v, (survival)

The MINOS+ Concept M INOS) The T2K Experiment

+ Long-baseine newtrino osclistion experiment
» Measure NuMi Neutrino beam

enesgy and favor composition
\ with two detectors over 733 km

* L/E™ 300 km/GeV

SEFARC Main Ring
L EK-JAEA, Tokal

~500 Collaborators / 340 Authors / 59 Institutions / 11 Countries

(Canada / France / Germany / Kaly / Japan / Foland / Russia / Spatn / Switzerdand / UK / USA)

(A. Sousa ) Ji0
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2011 : Indication from T2K

® \\e reported new results on v, = V. oscillation analysis
based on 1.43 x 1020 p.o.t. (2% exposure of T2K’s goal)

- The expected number of events is 1.5 = 0.3 (sin?2613 =0)

- 6 candidate events are observed

Under 813=0 hypothesis, the probability to observe 6 or more candidate events is
0.007 (equivalent to 2.50 significance)

0.03 (0.04) < sin?2613 < 0.28 (0.34) at 90% C.L. for normal (inverted) hierarchy
(assuming Am?23=2.4 x 10 eV?, sin*2623=1, &cp=0)

Indication of V. appearance
submitted to PRL

® Resume experiment as soon as possible and improve analysis
method to conclude V. appearance phenomenon

® v, disappearance result with 1.43 x 10%° p.o.t. data will be
reported this summer



T2K Data

‘ ——— Delivered POT (Good Spill)
18 Beam power
, o
% R001 In this shutdown period:
g [ - Linac upgraded to 400 MeV
e
- 6001 | & - 3 horns replaced
B, '!J f_: SNUIGOWIT - New beam monitors
o 4{”}__ ! F%\ ! :.;' PRLE S :
2 L5
o S T LY
a 20[1_—_!!.% :
0? e oo ISV ORI R0 R TN R I ()
2010 2010 2011 2012 2012 2012 2013 2013
Jul/02 Dec/31 Juli02 Jan/01 Jul/01 Dec/31 Jul02 Dec/31
Time

| —— Delivered POT (Goedd Seilly |

» Data sets contain 6.57 x 102 POT
» Run 1 instantaneous power reached 50 k'W
» =3 [ncreased # bunches/pulse, protons/bunch, repetition rate

» Run 4 stable power reached 235 kW _
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Phys. Rev. Lett. 112, 061802 (2014)
T2K observation of v, Appearance

B T T T T T T mr T T T T [T RT T T[T 17
. w L nurmal hIEFarCh‘F
—+— T2K dala ; 5
§ [ i in® 26, - 0.140:35%
o E222 Background componer: _' ]:_ E
_ : g ;"f —Best fit
L — 0= I Bt CL. —
E 3 / — o C.L. ]
i " i __ Funl-4 data
N - | .,,E ! Normal hierarchy E
i ; I | sin'd,=0.5,
~ § - . Amy, =2 dx 10 eV
Lo - G L AL T T T T
- | W 005 01 015 02 025 03 035 04
i S — . y 3ET '
Yo T 500 1000 - o verted hIEFaFCh}I"
Reconstructed neutrino energy (MeV) 53 i’ 26, {} 1}'{}$ﬁ
492 £ 0.55 events expected background ' / -
i - EH_!Z [
28 events observed o / S €1
21.6 events expected @ sinZ26,,= 0.1 1F .' [ Rmddm
Ocp= 0, sin%0,,=05 = | ety
- L-_':.nhi J=2 400 e"-"
| = S PRI VR P W (P e e T
. - 0 s ol 015 02 l].l‘.l 0.3 []. F'iﬁ (4
7.3 o significance for non-zero 6,4 Gin’20,,

First ever observation (>5¢) of an explicit v appearance channel
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Future Sensitivity to CPV using T2K

— sin0, =0.40 "Lu::kyf (+: Sin?26=0.1, ECP—-QO)”
W1 sln’ﬂ =0.45 | .5 of ' O R ]
9 —sszI =0.50 " ) 3 o
g NH —sln"ﬂ =0.55 \

6 IS - T
5 'uzs
" _

130 .,DE

LILY E E

150 -100 50 0 100 . A ;
; a i . ; + _
T2K: 50% v/50% anti-v CPF = i = : E
100% v [true NH) 50% wv/50% anti-v (true NH)
w/ Reactor constraint w Reactor constraint

5% error on signal, 10% on background ====ssressssscncs.

No systematics

T2K studies indicate our best sensitivity will be for 50% v/50% anti-v

running. Anti-nu running also opens a large new physics program.

‘ 06/04/2014 Chris Walter - Results from T2K - Neutrino2014 23
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MINOS and MINOS+ M INOS

i 'MINOS data: v, disappearance + v, appearance | _ _ _
28|  1071x10% POT v,-mode, 3.36 x10™POT v, -mote Three-Flavor Oscillations Best Fit
- MINOS & MINOS+: 4B.67 Ki-yr atmcrsphencv 1 ” . D
) - Inverted Hierarchy
2.6 —
- _ +0.11 3. 4/2
i i |&m32|_23? 007 X 1073eV
B _ _ —|—U 19
— i ] 0.36 < sin 923 { 0.65 (90% C.L.)
S 221 B B J
mﬂJ - Normal hierarchy o T
o U Inverted hierarchy ~ —— MINOS & MINOS+- NDFT’I‘"IE—]| HiEf’E—]I"Ehy
: _2 2 _ CPAL 112, 181801 (2014) — T2K" _ —I—U 00 2 9
- ! _ —|—D.16
<1 .24 7 sin fo3 = 0-43—0.1:-4
- 1 0.37 < sin®fy3 < 0.64 (90% C.L.)
-26F _
i 1 » Most precise measurement of | Am?s;|
! Z-90% C.L. - . . . .
-2.8[- MINOS+ Preliminary --.ss%cL - » Consistent with maximal mixing
[, ¢ Bestiitoscillations . N
03 04 05 06 07 ow1sl ¥
sin’e MR
23 POSTER ]'
e e o e e~ e e O e B O o P I Sl S Bl g I ey B
MINOS/MINOS+, Neutrino 2014 Alex Sousa, University of Cincinnati 18
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e Medium Energy Tune

e 11&._ 7

st *A?H’Rlver Labd'ratO"Y

1 LA WMT

& 2

v, CCevents / kt/ 1E21 POT /0.2 GeV
[

W  PFar

* Designed to make precision
measurements of the Minnesota
I’s >
v,> v, and V>V, e
for both vand v P

e 14 kt totally active, liquid scintillator —

w Near Detector;
surface detector it Fernilab
* Optimized as a highly segmented low Z ./ linois

calorimeter/range stack
e Tuned to:

— Reconstruct EM showers
— Measure u track momenta

— Identify interaction vertices
and nuclear recoils
A.Norman, v 2014




Protons per week (EI18)

NOvA- Mass Hlerarchy

Total MINOS+/NOvA protons to 00:00 Monday 02 June 2014
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I
201440602
Date

2014001716 20040219 201440325 2014404128

(o

Total Protons (E2()
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~.

.
"""""""
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%2E : LBNE

m 10kt LAr on surface

m Fermilab NUMI beam:
0.7 MW

m Detector Construction :
2014

m Operation : 2022

m Cost : 0.8 B$

Mounting Rails
Membrane
Cryostat

Cathode
planes

Mass Hierarchy SIQPIﬂcance VS Spp CPV Significance vs 5

Normal Hierarchy, sin“(20,,)=0.07 to 0.12 . . P
Homas‘;ake 153 A NH(IH Conﬂgﬁl:dg. sin’ 2&&:(?.07 10 0.12
12 i I T T T T T MF:“ m;s‘csm 5 . Ma?n aas?icsu)
al
z =
: =
$ 5
S g 2f
@ @

0 L | | I | | | I | ; i ; ; ; ; ; ;
-1-0.8-0.6-0.4-0.2 0 02040608 1 0 08060402 0 02040608 1
2014-6-26 Scp/m Scpln
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e : | ' 50m

1450 m

2450m | —— k | DeepCore
2820m L——F8 \
\ Eiffel tower
324m
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= F: HyperK

m 560 kt water Cherenkov R
m Atmospheric & J-PARC beamnr

m Detector Construction : 2015 @@ v

o

l'-:F"|||||||||||||||||||||||

m Operation: 2022 =
ND"ﬂa| Hl'Era.l"[:h'jII
6 -1 . (_ffﬁ“?\\l ot /"‘_—“‘\, ,
L a— — 1 | p— |_'H| er._KNlMH 1 002 0.04 0.06 0.08 0. 12
5-_ - - Hﬁer—KIMH I _ sin226,4

N N TEPUN WU R RPN B . ~4
0 50 100 150 200 250 300 350 Photo coverage : 20% '" Two |dent|cal detectors
S(degrees) (99,000 20 inch PMTs )£ v 48m x 54m(egg shape) x 250m

2014-6-26



Ll JAR{F3C58
2 PRI IRIES, 3%AEmHEE

LaF DYB — pyBll 4 [ BLZHER —

Near Site

1.2 X \L Far Site ° w,\i‘"bﬁ#

ok &ﬂw@f | | s mesuAEHNE
Z% 0.8k '#ﬁ%ﬁi*ﬁi%

: A ILL > 4

,§ 0.6 ¥ Savannah River ° %;* CF i/;"&%
. . T | . KAk

0.4 z goesgen ) 'L ° k -/;L CF ;/,'"ii%

02F O Pal(; VZrde ¢ Z: ‘I‘%Eﬁ ‘:F ',ﬁl;i%

B Chooz ® KamLAND . venees
00_1 I I I I
00 100 100 10t 10’ 2008 FE R AP LR T R,
Distance to Reactor (m) %ﬁﬁ?@%ﬁ* Eﬁﬁﬁﬂz

Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen, PRD78:111103, 2008; PRD79:073007, 2009

Talk by Y.F. Wang at ICFA seminar 2008...NuFact 2012; by J. Cao at Nutel 2009...NPB 2012 (ShenZhen)
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Experiments/Proposals for MH

M Blennow et al., JHEP 1403 (2014) 028

Tt 7
G ﬁ}
B O
vy 5t v 5t
L, L,
B Sl
Z £ 4
27 2 °f
1} ] 1f
o NOvVA, LBNE:
2015 2020 2025 2030 z_|:'1 o 2020 2025 2030
Date PINGU, INO: 023-40 -50 Date

JUNO: 3%-3.5%

JUNO: Competitive in schedule and Complementary in physics
e Have chance to be the first to determine MH
e Independent of the CP phase and 6,5 (Acc. and Atm. do)

e Combining with other experiments can significantly improve the
sensitivity

e Well established liauid scintillator detector technoloagv



Location of JUNO
| NPP | DayaBay | Huizhou| Lufeng |  Yangjiang |  Taishan

Status Operational Planned Planned Under construction Under construction
Power 174GW 17.4GW 17.4GW 17.4 GW 18.4 GW

5

by 2020: 26.6 GW

HE Sy = -~ . Previous site candidate
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Interference: Relative Measurement

P..(L/E) = 1— Py — P33 — Py

Pyy = cos*(6,3)sin?(2612) sin®(Ag) P,, = 0.81 sin? A,
P31 — CDSQ(ng)SiHE(Zglg) Siﬂz(ﬁgl) P31 — 07 X Sinz 2013 X Sin2 A31
Psp = sin®(612)sin®(2613) sin”(Ass) P3, = 0.3 X sin? 26,3 X sin? A,

m The relative larger (0.7) oscillation and smaller (0.3)
oscillation, which one is slightly (1/30) faster?

m Take Am?;, as reference, after a Fourier

transformation

e NH: Am?;; > Am?;,, Am?;; peak at the right of Am?;,
A a5 - — Motz normal i ” Anr »10°°
0.0040 - R —— ] 30 ; Fourier power spectrum —NH
00035 - zﬁi— - H
0.0030 ;— 20 =5
0.0023 S_ 15 ;_
1.0020 ;—- = ‘o, b l
noo1s ;— 10 E_ 4_—"'
0.0010 ;— 3 = ’ )
0.0005 - dPoo2 0.0022 0.0024 0.0026 0.0028
0000 0 0021 0,002 00023 0.0024 0:0028 60026 0.0027 sm*leV?®

dm’ (eV3)

2014-6-16
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Normaituewn | Current | DYB I
7 | 3% 0.6%
NE* o e 5% 0.6%
&) N A i 6% 0.7%
};Jam' —— 20% N/A

5t Liﬂ?&”ﬁ; e 14%=>» 4% | ~15%

——— False MH {a,, = 1.0%)

234 2.36 2.38 2.40 242 244 I 245 I 24!! I 2.50 %*ﬁ%%@:
2 N
[AMee] (X107 V) Ry TR -SSR RE & TE M ~1%

LI JSCIS6EENE |, MWE=INF (arXiv:1303.6733) :

n IBEIERT , HHWNE 40 , M1 EAM24EXT S50

n FEIFRMEST. seElEEHEEE | ANE
30 , M EAM24aE3] E4do
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Supernova Neutrinos

®m Less than 20 events observed so (BRI
m Assumptions:

e Distance: 10 kpc (our Galaxy center)
e Energy: 3x10°3 erg

| I |
Size of Star

1]
Size of Earth’s Orbit

o LV the same for a” types Size of Jupiter's Orbit

Atmosphere of Betelgeuse
PRC96-04 - ST Scl OPO - January 15, 1995 - A. Dupree (CfA), NASA

10 R B mar
B ]{ N o e Estimated numbers of neutrino events in JUNO (preliminary)
T 8 . U’/f«?: 1““@ """ Ve . Channel Tune Events for different (F,) values
I N - ‘ Y1 12 MeV 14 MeV 16 MeV
2 WE,,) = 18MeV ...... 4 ; ' :
soon v, Vetp—er +n CC  43x10° 50x10° 57x10°
< ] — Alflvers | p4tp—svip NC 6.0x10>  12x10° 2.0 x 10°
. eventspectrum | VT €V +e NC 3.6 x10%2  3.6x10° 3.6 x 10?
5 i of v-pscattering | v+ 2C — v+ 2O NC 1.7 x 102 3.2 x 102 5.2 x 102
20 . (preliminary) ve+ 2C—e + 12N CC 4.7x 100 94x10' 1.6 x 102
| Te+ 2C—et+ 2B CC 6.0x 100 1.1x10° 1.6 x10?
0 P e .
3-2 2-4@0-6 OE-S IE‘_Q--;M 1;; L6 LS detector vs. Water Cerenkov detectors:
nencie Toton nergy eV -
’ much better detection to these correlated events
-> Measure energy spectra & fluxes of almost all types of neutrinos
2014-6-16
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Other Physics

B Geo-neutrinos

e Current results woF ———
KamLAND: 30+7 TNU (PRD 88 (2013) 033001) = Y
Borexino: 38.8+£12.2 TNU (PLB 722 (2013) 295) o
Statistics dominant 25

e Desire to reach an error of 3 TNU 20

e JUNO: x10 statistics i

e Huge reactor neutrino backgrounds "’;

e Expectation: ? Z10% =X 10%

¢ Solar neutrino
= Metallicity? Vacuum oscillation to MSW?
= need LS purification, low threshold
= background handling (radioactivity, cosmogenic)
¢ Atmospheric neutrino
= measure v energy instead of leptons’ in LS. ~ 2o for MH in 10 years

¢ Diffuse supernovae v, Sterile v, Indirect dark matter, Nucleon decay
2014-6-16 41
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Energy Resolution

B JUNO MC, based on DYB MC (p.e. tuned to data), except
e JUNO Geometry and 77% photocathode coverage
e High QE PMT: maxQE from 25% -> 35%

e LS attenuation length (1 m-tube measurement@430 nm)
« from 15 m = absoption 30 m + Rayleigh scattering 30 m
* to 20 m = absorption 60 m + Rayleigh scattering 30 m

4500
4000

3500 E
3000

2500
2000
1500
1000

500

1.03
1.02
1.01
1
0.99
0.98 =
0.97E
0.96

0.955

2014-6-16
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JUNO Central Detector

® Some basic numbers:
e Target: 20 kt LS
e Backgrounds/reactor signal with 700 m
overburden: Accidentals (~10%), °Li/®He
(<1%), fast neutrons (<1%)
B A huge detector in a water pool:
e Default option: acrylic tank (D~35m) + SS
truss
e Alternative option: SS tank (D~39m) +
acrylic structure + balloon

m Challenges:
e Engineering: mechanics, safety, lifetime, ...
e LS: high transparency, low background
e PMT: high QE, high coverage

B Design & prototyping underway

2014-6-16 44



Liquid Scintillator in JUNO

1;

e Optimization of fluors concentration R

0,2 -

B Recipe 1
LAB+PPO+bisMSB (no Gd-loading) H N DYB
B Increase light yield %0’6_ amLAND

® [ncrease transparency
o900+4mmm—m—m—m——mmmm t

e (Good raw solvent LAB o 01 02 03 o2 o5 08 o
» Improve production processes: cutting of PPO mass fraction, %

w0 moroving catayst e Y Atte. Length
IMPTOVING Yo Benzene (LAB) @ 430 nm

e Online handling/purification

oA _ RAW 14.2m
» Distillation, Filtration, Water extraction, .
Nitrogen stripping, ... Vacuum distillation 19.5 m
' .. SiO, coloum 18.6 m
® Reduce radioactivity e

e Less risk, since no Gd Al,O; coloum 223 m
o LAB from Nanjing, 20m

e Instrinsic singles < 3Hz (above 0.7MeV), Raw
iIf 9K/U/Th <10+ g/g Al,O, coloum 25 m

2014-6-16 45



High QE PMT Effort in JUNC

® High QE 20” PMTs under
development:
e A new design using MCP:
4p collection
® MCP-PMT development:
e Technical issues mostly
resolved
e Successful 8” prototypes
e A few 20” prototypes
®m Alternative options:

Hamamatsu or Photonics

ax10’ - - « 100

' (3ain , . i3 :
| 7 QE@410nm
5 5 " Rise time 3ns 3.4ns 5ns
T . SPEAmMp.  17mV  18mV  17mV
| " P\Vof SPE  >25 >25  ~2
e T 55ns  15ns  35ns
2014-6-16 a1 46



JUNO: Brief schedule

m Civil preparation : 2013-2014

e Current status: site survey completed. Civil design on-
going.

Civil construction : 2014-2017

Detector R&D : 2013-2016

Detector component production : 2016-2017

PMT production : 2016-2019

Detector assembly & installation : 2018-2019

Filling & data taking : 2020

D0146-16 -



Civil Construction

A 600m vertical shaft
A 1300m long tunnel(40%o slope)
A 50m diameter, 80m high cavern

BHFBE (4. 5mX 5. 2m)
L=287m

FHFBL (7.0mX5. 6m) I
L=127m

B KT (48mX 28m)
L=55. 25m

28 T3 (4. 5mX 5. 2m
L=600m

2014-6-16
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Pro;ect Progresses

600m vertical shaft
1300m tunnel(40% s

® Progresses since 2013

First get-together
meeting
Funding(2013 2014)

2013 | |

Kaiping Neutrino Research
Center established

Civil/infrastructure
construction bidding

Great support from CAS: “Strategic
Leading Science & Technology
Programme”, CD1 approved

Yangjiang NPP started to
build the last two cores

Expected in 2014
« Ground-breaking (civil construction takes 3 years)
» Publish a physics book and CDR

* Form international collaboration
2014-6-16 50



International collaboration

T LN HFIRB=ZREFRAIFEHESES
h WThird JUNO Pre-Collaboration Meeting

e — ————— ——— — g

* Strong interests from Czech, France, Germany, Italy, Russia, U.S ...
* The proto-collaboration welcome new collaborators
» Establish the international collaboration this year

2014-6-16 51
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(Joachim Kopp)
Sterile neutrinos

Few oscillation anomalies could be
explained through a forth sterile neutrino

Appearance & disappearance evidence are
expected to be consistent among them

Some global fit says they are not!

Some other fit say they are...

The global oscillation fit

3+ 1 Severe tension between
appearance and
disappearance and between
exp's with and without a signal

K Machado Maloni Schwet, arXiv:-1303.30

" —3
:}_,-" SMD + reactors

+ Oa + MB app

null resmlis
disappearance

null resulis
coim bined

4

Parameier goodness of fit (PG) est: . Gt 1., 2 dal !I::L;ﬁ;!,
it ! = =
Compares yZ;, from global and separat R o
fits to test compatibility of 2 data sets =0 20
youldof GOF  yhe/dof PG

3+1 712689 -9 19% 1802 12=10°

The MIT/Columbia fit

@ 7y — s appearance data:

» LEND

» MiniBooME

» KARMEN

= NOMAD I
e v, disappearance data: [ Clapporec

» MiniBooNE -t
~ Minos CC v, T
» COHS
» CCFR

» Atmospheric neutrinos
e T, disappearance data
+ Short baseline reactor experiments
w Gallium experimanis
» ve—""0 CC scattering in KARMEN, LSMD
Conred Ignama Karegiongi Sheevitr Spitz, aciiv:i 2074765
Paster by Gabriel Collin

[

sin 20, )

v*/dof and PG test results in qualitative I
agreement with ours — tension confirmed sin2,.)

The GL* fit

e v, — V. appearance data:
» LEMD
» MiniBooMNE
» ETTE
» KARMEM
» MNOMAD
» [CARUS
» OPERA
e 7', disappearance data:
» MiniBooMNE/'SciBooME
» Minos NC+CC iy
» COHS
» CCFR
» Atmospheric neutrinos

e 7', disappearance data:
» Reactor experiments
» Gallium experimeants

» Solar neutrinos
» e -C scattering in KARMEN,

Conclusion
MO tension found




REBERGFRE

Absolute Reactor Antineutrino Flux

3

S ond 3 L - cwmmiem I 5
;_ —; ___ﬂ : o Diaya Biay w/' corr. (stat.) : i
R 3 2 15— Data Gombined {syst ) ] =
E Ling Ao 3 Hfﬂ - I Hubsr+Musllar _lgz E
£ Daya Bay = E : B L +Musllar | @
E E - ILL+Vogsi | Ta
o Far Hal* 3 v 160 — =]
— T — E — N X
3 H—3 % e
= AN 446 data poies am dispd cad 3 = i t H’ 1
= by -50m 30 50 for il ity T : g £ H' H] I
P02 0a 06 08 10 13 1e 16 16 20 — 58
Effective Baseline [km] |_ m
1.50 I | | I | | I
Flux Measurement Uncertainty ADT - AD2 AD3  AD4  ADS  AD6  Model
Uneertainty R 7238 ; 238Ppy ; Hipy 0.586 : 0,076 : 0.2585 : 0.050

statistics 0.2% Yo (em? GW—! day—1) 1.553 x 1018

tha 0.2% Ty |’L-:1:11g ﬁssiu:-n_ijl 5.034 x 10~

reactor 0.9% Data / Prediction (Huber-+Mueller) 0.947 + 0.022

detector efficiency 2.1% Data / Prediction (ILL+Vogel) 0.992 + 0.023

Total 2.3%

T T L L L | T T T TTTT
Reference Model: Huber (3 isotopes) + Mueller (Z8U) -

iif'/"T{-"T’I Y l/f’ “? ’?‘%V/ﬁ 2

Daya Bay’s reactorflux

c
Q
B
E 1.0
o
~
iy
]
(]

measurement is consistent Tj | -
. . . —+— Previous daia 4
with previous short baseline os —=— Daya Bay _
. ] —— World Average _
experiments Previous average [ 1-=Exp. Une. 1

R = 0.943 +- 0.008 (exp.) EZ2] 1-oFlu Une. i

10 ' 11|:|° T




Hint of the bump reported by Double Chooz and RENO

EXC@SS at 5 Me\/ already present in CHOO/Z, Bugey and Rovno: easy to
say with hindsight!

Double Chooz, this conference RENO, this conference
' ' o '”,'-"""""' LA LR BB R L] U-u-‘.i""""""'""""""'""""""'E
= MNear 2 Far i
1l o |
H'H'L s £ o oty i éu.n:f; } n +H HH
) T 1 h.*...',,_,_o,: ‘I’; | ] =4 n__H +‘I‘+++ + S R
<|>‘H> TS |- 3 05 + 4
g ":'"1{-5551urul 'u't:'|2;llllli:rl;
- S R R T B T Promgs Enargy [Ma] Prompt Enargy MoVl
Visible Energy (MeV)
_ Lo Bugey, Phys.Lett. B374 (1996) 243-248
1 E-.._.......g:!.—_._.-.-.-.,,...I..-.-n-.*_'g_._...;;.._.+=:+.__..§...........
o8 i 5%y
o8 I T T T E— uy ol b )
7 Fror orer " sl ..L‘. " 11
2 T Ih' ' liI- 1T :"J}-
Zoil oo () 1 N M ) A S
mEor el I S .zl'.l"'Pu: -.
LrEtheR T T sl | . .
078t - ——t [} . '- 1.3 1 i
L Mg e t*"-q: ’ '\, . H“N"(‘:H
cHooZ, ' N L °E, (MeV)
ths_'_e.ﬁ._ Bd66 flgggj 415-430 Rovno, V. Sinev, arXiv:1207.6956 5
. -ty =  Origin of the excess to be understood:
David Lhuillier s

* Bias in the conversion procedure? Difficult to induce a localized
excess with distortion of (forbidden) beta-decay branches.

» Bias in the reference electron-ILL data? Well beyond the currently
known systematics.

Alberto Remoto * New neutrino interaction?
2014-6-26 55




Daya Bay

« All 217 days of 6-AD period g i
D
» Consistent with standard 3-flavor o 3107
neutrino oscillation model E -
» Able to set stringent limits in the i
region 10 eV? < Am?41 < 0.1 eV? _2
10 = Daya Bay
125-pys  ——Data []3 v best fit -
T - i
L
= T 7 DayaBay 95% C.L.
£ 10°
E — DayaBay 95% CLs
D
O
nj Bugey 909% C.L. (40m/15m)
E“ -4 | IIIIIII| | IIIIIII| | | I I I I A |
= %07 10 10" 21
& sin 26
O 14
=3
1 2 3 4 5 6 7 8
Prompt energy (MeV)
23

dashed curves assumes sin“2614= 0.1
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(Barbara Caccianiga)

With nuclear decay

source close to a big LS detector

Short baseline oscillometry with MCi ve

~ 10 meters

Cr or Cr anti-ve source in different
position close to borexino

BT EEREraas T
* — | g sl e
A = Oortlated el ppacieem
- —=— ncOm
r-l'l.‘]'- - ey
e B
ook TN
-
A0
00— =
I'_
10K
lﬂ! i 7 8 9 1) 1
Distance from the source [m|
1o
bl M. Cluanid of sl
— Physicsl Review D, vl
oy BE, F7S006E, 3003
= 1
=1
— A (S O}
o1k — A (B L)

— S0 Or @5 0L}
— SO Or (@ 0L
— SOX Cm(ES% C.L)
— O O BRI DL}

0.l

o032 0.05 .10 020

5|'|122H|.4
CcULTTUTLvU

(in detail)

Many proposal on the market...only cover SOX

Detector Reaction

Activity

Reference

JHEPOS(2013)038,
Piys. Rev. Lett 107,
200801 (2011)
*Li (ISODAR) Vipdeta - 1310.3857
. .. | KamLAND
Large mid =
mﬁlll'lﬂq" M4C(CeLAND) Vepdetin 100kCi ar¥iv: 11,0806
detectors
Daya-Bay Hap WPy ;H'p*t""l‘l. S00kCi arXV-1 109 6036
LENS sigy T SENTE S, 10MCi "qum,,’g
JUNO *L; (ISODAR) Vipdetin 82x10M | e raeses
Radiochemical BEST S0y VT 3TICe+e ar¥iV:1204 5379
- Rev.
Bolometers | Richochet A V4N SV+N T, GaT

Quite challenging logistics for source
production and transportation

Ry

5 ]
e Fiigras
.

=  Spent nuclear fuel
will be shipped
from Kola reactor
to Mayak ~ end of
2014;

=  4Ce source
ready for
shipment to Gran
Sasso by Fall
2015;

= Transportation to
Gran sasso in
MNovember 2015;




With short baseline with reactors

Gd s Highly Moving

Segmented detector 2 det.

y e T
'SOLID@BR?2, Belgiury

. v Nucifer (FRA) [j
+ Posseidon@PIK, Gatchina,™ 2 y delay
Sk S * e
Mc":arﬁss"" DR Wmnrovg'ad Poseidon (RU) D
¢ ™20 Stéréo (FRA) D
Neutrino 4 (RU) | l |
DANSS@KNPP SRR e
Y CARR site, Beijing =
Udomlya \ (Not funded) P Hanaro (KO) L ‘
DANSS (RU) D
Prospect (USA) l_, ‘
= 300days, Ly=10m Solid (UK) .

" Epomp>2 MeV, Egy, 055 MeV

o SolLid

= BE,=2% 3
BR2 REACTOR, Mol, Belgium E
- edicted 0
Sl st of pe spectra - Core: 45-80 MW, HEU fuel
= 5/B=15, 1/E+flat model - Favorable reactor background level f
DETECTOR
Norm 4%
= Novel type of composite solid scintillator
Start data taking in 2015 detector (PVT + *LiF:ZnS) S =
L R
- 2.88t fidudal volume, highly segmented. R LN N o l:
- S]]
W=
—  snoma %
= HH
I 11
04 10t
X3 fit Rate + Shape

* IBD efficiency 41% (416nau/day/tonne)
* 300 days running at 6.8m baseline
*SB~6

* include flux normalisation (4.1%),
detector efficiency (2%) systematics and

* 57 MW, compact core < 1m
* [8.9-11.1] m from core,

” : ¥ backgrounds
possible extension to 12.3 m. = large bins to account for energy smearing
* 15 mwe overburden effects .

)" High level of reactor background

Outer crown filled with LS to reduce edge
effects and tae external backerounds

2014-6-26




(Joshua Spitz)

With accelerators

Mainly focusing on the LAr effort @
FNAL ==> toward LBNE

LAr1-ND MicroBooNE ICARUS (T150+T600)

Combining for\oes!

/
A coherent, collaborative, international program at FNAL's BNB

(and NuMI off-axis) likely featuring three detectors by 2018:
near, MicroBooNE at mid-distance, and far.

a CDR is to be presented at the FNAL July 2014 PAC

\_/ ICARUS

T80 5 )
AfgoNeuT

540m
MiniBooNE

470my O
M:‘CKTSOONE

l

i n+vm_>§_§+7 £
NuMi =
<E>=4.3/3.6 GeV

100-150m

Primary Otherosc Definitive o -
Channel channela sterile? St
GeV-scale
xsec

MicroBooNE
(nDIF) Vp = Vel =+ Vp

GeV-scale
x56C

LAr1-ND
{(nDIF)

Vy = VeV =V,

GeV-scale

ICARUS@FNAL V“ — Ve V# — l/“
xsec

(n DIF)

Vp = Vel —+Vp GeV-scale

xsec

TripleL Ar@FNAL
nDi o 7
(e iE) — UV, 7

OscSNS

(ruu DAR)

JPARC MLF
(K DAR)

KnmL?\:‘D Vee™
(Isotope DAR)

nuSTORM Yos GeV-scale
{1 DIF) TP Que x56C

(electroweak)

Tech
R&D?

Cost

Yes | $20M

$20M intrinsic 0.

$5M intrinsic 7. Phase 1

timeline,
$30M tech
timeline,
s | $300M| tech,

=

PS sayq
no

IsoDAR: “Li anti-ve spallation source to
install close a big LS detector (Kamland?)

8Li— ®Be+ e~ +W,

IsoDAR
50 Limit

= 'L\_

95% CL
Allowed
Regions

5 years @ KamLAND

IsoDAR
1g and S50
contours

0.1

LAr1-ND

O 0 ni

BNB
<E>=0.8 Ge¥

|Could provide one of the best sensitivity...

$in?20,,




Neutrino-less double beta decay

EXO-200 (M. Marino)

im

CUOREQO (O. Cremonesi)

2014-6-26 60



Bp-decays: two modes

2v mode: a conventional
2 order process
in nuclear physics

Ov mode: a hypothetical

10"

EO’1-\\III)

500

1000

1500

2000 2500 FD
Ehectron sum erergy / keV

« 2vmode BB decays would have a half lives in excess of 10?°years

M. Goeppert-Mayer, Physics. Rev. 48 (1935) 512

A second order process, Only if the first order beta decay is forbidden
* Experimental observation of 2v f3—decays in 1980’



l<m_>| [eV]

107+ L

Current sensitivity

Double Beta Decay |<m>|= |2 U,2m| <0.05eV

Sine,,=0.314" )1 Sin%0,; = 0.0236" 00

0.0142 0.00438

_ + 21606 _ + .04
omg,,, =7.59e-0573 7 dmy, = 2e-037, 7,

1070

Normal

Effective OvBp mass (eV)
o

[ 99% CL (1

—

1 ..1..6_3 lﬁ'f | 10‘ | 107 10° 10 10’
ligh Yest v mass V Lightest mass ('/,



CUOREOQ/CUORE

Reach design resolution ~0.2 %

Confirm Cuoricino bkg. model

L]

i O region

-1
10

Event Rate [counts'keV/kgfy]

-1
10

— Cuoricino
4 [ CUORE-O

CUORE-D Preliminary
Exposure: 18.1kg - yr

& [ CUORE-D Preliminary
= Eapreae: LRl bgyr
= 1o
s
E |
S s 2615 keV
- 2% Tl line
i-f=
- FIWHM: 3 eV
M
[ I 1 /
2560 XSTO 298 2500 2600 2GI0 2620 B3GR 24D MGt

Bkg reduction x2.5 in RO
Not yet at required value
0.01 cts/(keV kg v)

Cuoricino 0.153 + DL00G 0110 + DL0DA

0.063 + 0.006 0.020 + 0.001

CUORE-D

T [ Energy |keV|
A L

CUORE-0 expected to surpass Cuoricino

sensitivity with ~1 year of livetime

Isotope Exposure [kg y]

0 2 4 6 8 10
T T § T T T [ T T [ T T T [ T T T [ T T
z I ﬁ % CUORE-0 Preliminary
= B & m=
= i :
= - ;5- = —
'J' -
t& :
& o : —— CUORE-0 Projected
= C :
s o L H = Cuoricino limit
| L E 1 I 1 L 1 I 1 L 1 I L 1 L I
0 0.2 0.4 0.6 0.8 1

Live time [+v]

CUORE tower assembly completed
Cryostat commissioning ongoing (background?)

Data taking expected in 2015, first results in 2016



NEMOS/SuperNEMO

NEMO-3 0023 Search with '"Mo

» Detection efficiency &, = 4.7 % in the [2.8 - 3.2] MeV region

» No event excess observed in 100Mo after 34.3 kg-y exposure:
Tl = 1.1 = 10* y (90 % CL)

HEMIO.3 . Mo . 7 kg, 496y

T e

(ST H

it —t— Oulz =D& Erin
I

|
I Extsrmal Bign
I ke

I T i sl

[ Do e
tor T = i iy

{(my) < 0.33 — 087 eV

Expected background in [2.8 — 3.2] MeV

238 B.45 £ 0.05
214B; from radon E24 05
External = 0.2
214B; internal 1.0+ 01
2037 jnternal 33103
Total 1B.0 + 0.6
Data 15

i/ WG

Mathmu BONCRAND - LAL - NEUTRING 20114

SuperNEMO demonstrator with 7 kg of 52Se under construction:

Eqn WV

[To appear in Phys. Rev. D - arXiv:1311.5605]

L]

Total background
1.3 % 107 cis-keV kgt !

» Commissioning and physics data by Summer 2015

» No background in the 0025 region in 2.5 years for 7 kg of **Se:
() < 0.20 — 0.40 eV (90 % CL)

T =65 x 10y —

-

:

em
———

NEMO-3 High Energy Background

s T Ty Ly

s
L]
o ue i EEEH

B LF 3 1n a1 11 u

[— T 1"
B “veerms
B "nmrmers

Walidation of the

background mode

[To appear in Phys. Rev. D - arXiv:1311 S606]

» Mo events in *™Mo after 34.3 kg-y exposure above 3.2 MaV

» Mo events in copper and natural tellurium samples after 13.5 kgy
exposure above 3.1 MeV

» Background-free technigque for high energy Qgy isotopes:
HCa: 4272 MeV, '5'Nd: 3.362 MeV or "Zr: 3.350 MeV

srhisn BONC HAKL

LAL - RELITEMO X4

2014-6-26




Kamland/EN

Phase 1 (first 112.3 days)

22«<E<3DMeV, R<1m

KamLAND-Zen

Unlucky phase one due
to 110MAg contamination
from Fukushima fall-out

¥enon loaded LS (Xe-LS)

decane 2%
pseudo-cumene  18%
PPO 2.7 giliter
HEmon 2.44 wit%

O [2.5ME'V} = 4%

FPhase 1 89.5kg*yr PAL, 10, pe2s02 (2013)

F 2l D51+ D52

— Dt

"Toamll R Fl DeBH | ImiI
Duis

i

.“:'"'.FLE BG
reduction to

-

Phase 2 (first 114.8 days)

22«<E<3DMeV, R<1m

S

+_t_

OB i1s Im il b WrdOl Apedoi
a4

LS purification (1.5y) reduce 119mAg by 1/10!!

— ——y
2vBp T
£ - — Tl "
) (o L) _:E
g_ —“‘ItMﬂ i
F BRCLULY o “im
- T IIIZImAg — - Sgallutis
F 1
IR s
4l OVBB L 1
e e 1 5]
AR AT T TR I
1 7 3
Visible Eneray (V)
T™qe > 1.9 * 1025 yr (90% C.

. {Still large contamination from 2'*Bi from balloon
film but drastically reduced with fiducial volume cut

® Livetime 114 d

@ 35Xe 90.77% enriched (348 kg 136Xe)

® © events in the ROI [2.3; 2.7] MeV
® Combined(phase 1&2)

® Toine>26x10%yr
(mBB) <0.14-0.28 eV

P il {cr)

ZU14-b-2b

Internal (R < 1.0 m)

a— — i

2E
] N
'E-

o ,ﬁre.']’ﬁﬂiriar'}f
we

E | 2vfip |||c |,-'_||._:-Z--Z'f+iti'Ei+-I::-:|
E -

: t

: |
ln-l 1 _'J- “"::"I--IIII

n N u i BT n L

WVisihili: Energy (MeV)




+ Liquid Xe Time Projection
Chamber (TPC)

Only experiment performing
full multivariate analysis so far

EXO 2 OO * Enriched 136Xe to 80.6%

* Q-value 2458 keV

-8 kV
y 3 ™, lonization - i _/
4 \ o s A |+ Located at Waste Isolation
PR ", l"—’ | |
P08 *'; {:—/‘L Seintilation | 000 . Pilot Plant (WIPP) in
o o 2 & |
[. ya ' N 57';‘}_ : |C|D 0|| Carlsbad, MM, USA
by AERA, E\'t i - %%0‘ '+ 1585 meters water equivalent
by RN i 2 !
" Avalanche Photo
MG, Marino Diodes 2 6 June 2014, Nu 2014

+ Variables
* Energy
* Position
(standoff distance)
¢ Multiplicity
J 85
+ MS

Two sample depending from event topology

? — 1M
90% bb evt. are SS. . - Backgrounds In = 20
. .y, — 0 °r i ROI
Final Fi 1 s 1 1]
g al Fit ss 1T Bge ’;F-J Th-228 chain 16,0
5 3 } 54 — -+ | ¥ = o - r_-l -1
7 . is T 1 il ; U-232chain 8.1
5 3 E‘ 3 -+ | = o ol e e ey -+ E
g 1 = 1 Xe-137 70
g ofp Moo TEaLrlE - * ‘\1 21“-._'1;;_ - AREAL i
By , : : . : ; O ST Y iy 1 M § Total 31.1:38
. il - : : : .| 2250 2300 2350 2400 2450 2500 2550 2600
3 + Data == T=Th {far) E‘ Energy (keV}
% 4Er E::s:m :::;:el MS 1,
= 3k - L bgd i - T N
E - g j, + Data . (far) From profile likelihood:
S 1 *j — Bestfit == Vessel T, 088 > 1,102 yr
g of S ;i i1 T . R Y {mgg? {‘:9[1135635}0 meV
-1 : : : . o 1 iis " u. .- . L.
- ] == | Xe bgd w36
s Nature (2014)
- - - - - - - n-capture _
1000 1500 2000 - Egrgg ey 2090 3500 4000 doi-10.1038/nature13432

2U14-0-20




Ba** tagging — a novel technology

m 136 _y 136Bg++ + 2e- Allow to remove all bkg but 2vf3[3

4

identified using optical spectroscopy

P

/™ 6500m
L AVAY
‘\'\

¥ metastable

|"|r 4D3f2

28— Ba+ level structure

Technical challenge

e locate the ion

e Extract the ion and release it to a low
pressure region

e Trap the ion and identify it

e Understand the efficiency

2 years EXO-200 without Ba++
tagging: ~100 meV

nEXO:

Ultimate goal with Ba++ tagging:
20-5 meV
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