.

(\‘»“" Ltﬁm\

@Y Double ChoozRERIC LS
"L _:—FU/EﬁﬁﬁwEﬁﬁ%

\ 5
- . / - > . »
. X -
; \

.

2011. 11 17 ‘
@ﬁax+§&?*




111117

| RE |

% Za—FVY /RS

* [RFPFE_a—FV /IREHERER
* DoubleChoozRER

* 0, A4

* fhDSRER & DRALR

¥ .

suekane@ICEPP



‘ Motivation \

CKM mixing matrix
(d"\ (0.9743 0.2253 0.0035\(d)
s'[=10.2252 09735 0.041 | s
\»') 10.0086 0040 0.9992/\b)

MNS mixing matrix before T2K and DC
(v, (0.8 0.5 sinf,,<0.2\(v,)

v, |~104 0.6 0.7 v,

u

\v./] \04 0.6 0.7  N\v,)

* MNS Matrix is poorly known =» Need studies.
* Especially size of 6,5 is not known.
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‘ Mixing can be measured by v oscillation \

=sin’20sin* ——

Am’?

> L(or 1/E)

[ =

\ 4

Amplitude ==

> sin226

A

Wavelength => Am’ = ‘mg — mlz‘

111117
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Mechanism of v Oscillation

Charged lepton=mass eigenstate

Simplified view.
cosf -smb\ v, 4 cosf smfb (v,
sinf@ cosO M\v, Vv, ~|sin® cosO)\v p

vve ) B
Vu 2
v o @

2 o -iEt , o:2piE,
o _cosb Vi v R cosO cos” B¢ +sin"Be”’ -’» v,
=/
m, E_’El’ “sinf
-sin v, v, sinf
" m " /
- © B} cosb 73 : Vi
m, | é—iE:l‘A COs Hsmf)(e" v _e )I
Phase difference l
- —i —i 2 .0 .2 E _E t
P(v,=v,)~ ‘cos 951116(e B _e ’Ez') =sin”26sin” g
womepzp (o)L
—2=<F 55in"26sin” ~—
4F
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Origin of Neutrino Mass and Mixing Angle

ue

N M —p d Ve _ luee Aue Ve
S

VM Aue ‘uMM
L N v, cosf sin@ (v,
—=> B R R -
Eiﬁhﬁ—* 6 > v, —sinf cosf VM
20
2A
b llD tan26 = = Ny -
=77 . MMM —Mee AMMu Auee
W+, 1 2
m1=WT_§ (MMM_Mee) +4A‘3€

W + e, 1 2
my = BBt - ) + 44
111117 -

2A
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Origin of Quark Mass and Cabbibo Angle

I{O I{O }{0
d' 2 d' s' z s' z g
Mdd Mss AdS
\ d (d u A, \d
0y 7= v = S o I RN I
dt\s A, u N\s

d

\)

—-sin6,. cosO,

=721, [tan26, =

2A,
Auss — Audd

cosf,. sinf, )(d'

S!

20
N

m,

m

N

— Auss +Audd _
2

— Mss+tl’l“dd +
2

1
EX/(MSS - Audd)2 + 4A§s

1
5\/(1“’” - Au’dd)2 + 4A§s

111117

U~ Uyq

2A s



Origin of Neutrino Transition Amplitudes

HO HO HO
Ve i Ve v, i v, v, i Ve
xuee M/,W Aye
Higgs ?

Could be. But theorists do not like it
because, m,,, m A, <<<mg, m A

uw s 2

Then what? Seesaw Mechanism?, ...?

=>» Purpose of v oscillation experiment is to measure the
transition amplitudes and think of its origin.
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3 Flavor Oscillation

3 mixing angles + 1 phase

(v (1 0 0\ ¢, O s,°\c, s, O0\v,

Mixing vV =10 ¢y Sy 0 10 |-s, ¢, O]v,

\V.) \0 =5, 023)\_5136_&S O ¢; \O 0 1Avs)

2 mass square differences

Oscillation P(V. =

formula P(v —

o

§ ﬁ,.UajUﬁj)sinzAU

;ﬂ; = 8, =4 Y Re(U U,U, Uy Jsin*A,; £2) Im(UU
B

i>j i>]
2 2
010, Ooz, 013, Am=,,, Am=ys, 0

111117 suekane@ICEPP 9



Murayamav Before T2

K.D

- —

L g b <. "CDHSW =2 /
o ’l i = \\ ~ :' ’\\ -
I F7X CHORUS =4
s ot . —_— = .
X
100 <
1073
Super-K+SNO .
ol o5e, +KamLAND 95% Atmospheric
1Accelerator

A

\

MINOS Preliminary

1.27x10%° POT

e

1.0

0.8

sin’20,,

1 upper limit measured

'

7 =

Solar
Reactor

10
suekane@ICEPP

KamLAND
B 95% CL.
99% C.L.

[ 99.73% CL.

*  Dbestfit




* 1t is one of the fundamental parameters.
* Future v experiments strongly depends on 6,4

Parameter Measurement Method

Ocp [PA(VH — ve) - PA(VM — Ve)]@ ~0.15in20,,sino

A23

O degeneracy | Ip (v, —v,)+P,(v, — Ve)]@ ~ 2sin” 0,,sin”26,,

A23

Mass Hierarchy

[PA(VM — ve;L)+PA(vM —> ve;L’)]@ )

Po(V, = V,)q, ~1-0.5sin"20,, (sin® Ay, +tan®6,, sin® A,

~ sign(Amé)(L’ — L)sin’ 26,

O, DIENTHIBIEWNESLITEDHELY
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Double Chooz experiment  |(tFecz
To measure Pure 0,,

AR = - 54 Near Detector X e

Chooz Reactors 35S 400v/day 70v/day
4.27GWy, X 2 cores s 120m.w.e. .



Double Chooz collaboration D(O‘?”Le&f
A I o gy - =k

Brazll France Germany Japan Russia qua'" UK USA

CEA/DSM/IRFU:  EKU Tilbingen ~ Tohoku U. INR RAS X U.Alabama
UNICAMP SPP MPIK Heidelber ~ Tokyo Inst. Tech. IPCRAS o e AN e
UFABC SPhN  TUMinchen ‘lbkyoMetro U.  RRC Kurchat )
st SED — xu.llacheu~ NngataU T
i _-.._J_mf" \ |
CNRS/IN2P3: R S 7 “Hiroshimadinst T
r\lJr. A * - L M e el
Subatech
A PHE
=t ULB,




__,.!"-.. - e A

‘I)CLJapan\

Lasd WO
RIEK., RIK, affiK. LK,

#HPX, RILFRK, LEIX

NHEFIEEEVATL, SBFEAT L.
DAQ/monitors A7 L, LEDF¥!)ITL—a b AT LGERY
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5 #7 Bh <= 55 Al HE A

=

RIZEYBM |

Fri20FE (2008 %) Fhl#ENRR MAFEBAE (FHR)

ER 194118 68

i - MER S FR B - REES | 11301-0004
S il R (AR 20 B AR
o i HFEORE | geemicursBiRtBOREESEEA)
SHESOEE |5 REORS | BEIR (B9RHP)
HRATKE ((FVH) ATA%x 75k

K& (BF%) a8 XEZ
FREMEE |(g3) 11301 | FAXF

5 B (Es) 884 BF (R) ;i (H%k)

- (&) 2 p:% 26
MEIEE |BFFE=-1—MY/K&3= 21— N /9B OFEN

[ rxeosews | &SHEcoER (=m)
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LA |

| DCJI

KASKA =X 5,
CHAE ) R %%3& DHF) \/

KASKA

BB X 5 R 56 (1 57 5 38) CKASKAREERZ 1R L 7= (2003~) |
S

Letter of Intent for KASKA

High Accuracy Neutrino Oscillation Measurements
with 7.s from
Kashiwazaki- Kariwa Nuclear Power Station.

M. Acki®,  K.Akiyamale, Y. Fukuda?,  A.Fukui3®,
Y. Funaki?, H. Furumg. T. Hnmg. T. llm’unnm.

arXiv:hep-ex/0607013v1 11 Jul 2006

N. Ishihara?, T Twabuchi®*, M. Katsumata®,
T. Kawasaki®, M. Kuze?, J. Maeda?,
T. Matsubara?, T.Matsumoto!04, H. Minakatal0,
H Mivata®, Y. Nagasaka!,  7.Nakagawa!® <,
N. .\iulmjinms. H. Nakano®, K. Nitta?,
M. Nomachi6, K. Sakai®, Y. Sakamoto®,
K Sakumal0, M. Sasaki®, F. Suckane’,
m? —’:. F lJ / &w A. H. Sllgi}'a\lll:lg. T. Sumi)'o«l:i“]. H. Tnbm.nj.
N. Tamura®, M. Tanimoto®, Y. Tsuchiya’,
R.Watanabe? and 0. Yasudal0

February 7, 2008

RFFEEBRTIN—TDEE
KASKA (H) ®

75\ 2007 = Krasnoyarsk (%) @ \\\\
DC(h?%}JD-d_é DCHOOZ ({4) ® 3 ;7 >

_ Braidwood (k) ®

v_t':tJ:OT: Angra (7) e /
Dayabay () @ 7 >

DiabloCanyon (k) o /

Reno (&%) o—>

111117 suekdRé@ICEPP
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‘Reactor neutrino & Its detection \

@ _I__ 235 U

@

v are produced in

B-decays of fission products.

~ 6 x 1020\/ /s | reactor

111117

~ +
V,+p—>e +n

Delayed signal

- - r(0.511MeV

e
jflx

\./\/)

-

prompt.signal

i30u‘

/
‘?‘ EE ~8MeV

7(0/11Mer

The v.energy spectrum

Reactor v, spec'rrum (a.u.)

Obser'ved spectrum (a.u.)

20

v, +p—n+e* cross
ection (10-43 cm?)

10F
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‘How to measure 6, by reactor neutrinos \

v, Detector
V,+p—>e +n
sensitive only toV,

Reactor= Rich v, Generator

v oscillation
T . . _
v u v 4 |deficitof v,
e > u >
v, v,
% Signal
v
1.5x102%'v/s
@Chooz reacors T
- . ,;nn; _ g in2(20 =0.1
f Deficit of v, « sin?20, 75— L #™% 2;22&93:0_2
’ ‘ 2000l \§
'V2 'V2 .+ 2 1500|-
P(v, = v,)=1-sin"260,, :

1000~

The probability forv, to remain v,
so0- |

LV, spectrum B
ﬁl1| ;!16 7 ]8

3 4 5‘
111117 suekane@ICEPP E (MeV) 18




How to improve precision: 2 detector scheme

Near Far
Detector Detector

Reactor Neutrino Oscillation
12
i —
t
0.8 ‘
P(Ve — Ve) 0.6 | sin26,,=0.1 =
E =4MeV 1=
04 >
02 %
0
0.1 1 10 100 1000
L(km)
111117 Ratio measurement Far/Near Detectors 19
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Main Components

of DC Detector
Target v :
10m3 Gd loaded Liquid Scintllator 7 —1r
8mmt Acrylic Tank - ’_ i
y Catcher : . ' mlﬂ
22m? Liquid Scintillator 2 = i
12mmt Acrylic Tank ’ }“‘g g"lx " (<

;lffq ‘l“ 'ﬂl gi
Light Detection: 0 S ":':ﬁu¢--< ’“‘:&;‘ %‘ (
f .’o, ' ' * !‘~cl\'-‘ 4

390 Low BKG 10” PMTs \ N 0,, .
SN ST
Buffer oil : ‘, =

110m3 Paraffine Oil \

3mmt Stainless Steel Tank

Inner Muon Veto :
90m3 LS +78 8” PMTs

Iron shield:

15cmt

111117 suekg




Milestone

E10 A

(200845 H~) 2010%
20104128
2011448

20MEET7RH
201111 A

201256 (F%E)
20135F#)8E (FXE)

20111117

ZERHIFIENTET

BRSO VFL—EATT
BREMRHERSESRST T
I8 T —2 1565

A B AR H ZF 2 5% (R TR EI B in
Outer Veto:BEx A5

=D =—1—M) /IRENRITHER

ATE 1R H 23 57 SERK

HIJ & A% 28 ST AR
2E DR 2R XS RIE R IA

21



AAKS )L—T1E Y
Large & Low back ground PMTs

22
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| BRI IV —T18Y BE/ERE system

» Z Dserver process (controlmonitoring)E GUI TR
- SEDBER>VT v Hc_diéTCP GIENGRES

Control room

laboratory

‘e TCP/IP
= : & TCP/IPE
HV Control Server
TCP/IP

TCP/IP
TCP/IP 1

HV Monitoring Server

I
I
I
I
1
1
L.

database
(MySQL)

* setting table
* monitor table

¥

4

i

i

4

i
----ﬂ

TCP/IP

- . %
Bussluis -. sanalisul w‘ ......... ' _—.—'-
= * SN i R

Onlme monl'ror' (8 ZSD‘)I/ 7(55%)
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Event display

eCee o000

0000 0000
20ee eccee
080 e® 0000
2008 00000
20000 0000
@000 o000
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8800 09000
0000 o000
00e 00000
0000 0000
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0eeee 0000
2000 00000
000e 0000
Ceee eecee
e8Cese oobdd
000 00000
8Ll @00l
Ceee eoele
Ceeee eeee
QeCe 00edd
O0Cee 0000

: data-wise

Online

>~

a

c
=
%
(@)

RunControl

DB DATA

Anatael Cabrera (CNRS / IN2P3)

0o oo

DAQ & online monitor

H AL THi ¥

2000
8000
7000
6000
5000
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3000
2000
1000

|
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23/12/2010: Official start of Double Chooz

Press release 23/12/2010 |=

Double Chooz detector filled and measuring
reactor neutrino oscillations

TNy a—F... | ZH - BRRF | ®iLXZ -TOHOKU UNIVERSITY-

The Double Chooz collaboration recently
will see anti-neutrinos coming from the ( [ RILKZF
French Ardennes. The experiment is noy == ¢
measure fundamental neutrino propertie
particle and astro-particle physics.

20115 | =K - BRE

2011415 68 15:23 | BH - HR%S , ARAR
TN a—BFFE=—a—bY /IRERREAE

FEZ2—- M)/ HERARE S —DBBMLTNEY TN 3 —BFF=a— b/ RRHERLARR*T
3, Za—bFU/EREBORBOSTRL, —a— )/ F—yREREMBET S LICAY, 2010F12H23
BIKZSYATILRAYY—-REhELE. CORRCIYRNFOEELURO—DOPBESHICEDLEDIC
FRO=Z2— P/ RARPESSICERTHLICRVET.

(*FTNa—RRIE, 7520 a—RFHARBHTHLO=2— MU /EBZRIEL, 613 (L—%&
WBZA) EFENZBRED=2— MY/ BREAZMETHRRTY. )

B KFEZa—X e

1 1 1 1 1 7 YTV a—RBRER. SEAREAO=1— MY/ REBICLVRRIBEBEINS. 27
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Data taking time (days)
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DATA TAKING

* Number of data taking days : 206 days (as of 9/Nov.2011)
- Average data taking efficiency in total : 86.2 %

- Average data taking efficiency for physics : 77.5 %

* Integrated data taking time in total : 177.4 days

* Integrated data taking time for physics : 159.6 days

AAAAA LoD D
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P |
-
v
e
-
.

)3z Exp. Data R e
IN2P3

Reconstruction
&Pre-selection

Blind analysis

BRFIWFE—_a—k)/DE
[IBETERISEMNT-.

Analysi; Forum

v

sin?20,,
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9/Nev./2011 @ LowNu conference Korea
by prof. Herve de Kerret

LO ,[] } (J‘TU‘_IL HO/. | |
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Detector Stabilit

Neutron capture on H; after a muon

~ 01

e
Q
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| | I | I
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I T
Double Chooz preliminary |
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x10°
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u-correlated rate around H capture energy [s
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Energy calibration

%Ge Detector Center X=0mm, Y=0mm, Z=Omm

Number of Events
3

ury
o
)

10?

10

2011/11/117

TS
- R Double Chooz preliminary |
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E ® . E
= Y -
C o*® . ]
- L 2 —
° L

= o® d 3
C .. .
. * °® _
L | 00.0.'0. ’. i
E % =
- MUV
- ’ -
¢+++
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Total Event Charge

e.g.)8Gel5
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TR

(HHRIC&KDET1.02 MeVD A < HR)

R gD ICEE
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y-catcher|ZBR &
(Targetty-catcherd)ﬂj'{:;ﬁd)J:|:$§)
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—a—kJ/{EBDEFE

~«-2(0.511MeV,

fﬂ 3 Energy:“prompt”

VS deldys

p

" - —~ 12

[4 ) P >

(’i/\/\—{ | é [ | I

e o2 7(0.511MeV, w4 I |
", - T
,.“/ Y 8 g !

©
T
e

b .
x prompt.signal

[T I
lDouble Chooz preliminary

6 8 10 12

prompt E (MeV)

‘/ ) Tp~30us R
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Readout I hreshold

trigger efficiency

111117

1.0

0.8

0.6

0.4

0.2

0.8

— PRELIMINARY —
:_ Analysis Threshold -
s 50% @| 350keV -
- (| OO+O¢O 4)% @ /00keV -
% TR | S | ¥ S R R—
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Event Selection

0.7MeV < E < 12MeV ( 99.9+0%)
* Main cuts: 6MeV < E < 12MeV (86.0+0.6%)
2us < AT, ; < 100us(96.5+0.5%)

* Remove after muon effect: | Ims < AT, (95.5+0%)

* Remove multi neutron events:

No trigger within 100us before prompt signal
1 trigger within 400us after prompt signal(99.5+0%)

MaxQ/TotalQ

* PMT light noise cut
I NBISE EU- 1 signal time structure (100%)

2> 4121 vcandidates‘

111117 suekane@ICEPP 38




Events/0.25 MeV

e Correlatlen

1000:| T T | T T T T | T T T T | T T T I:
900 Double Chooz ﬂi"m'“ary—; The efficiency within [2,100]ps is 0.965+£0.4%
800:— paa _f LR AL DL DL LI B DAL AL LI B B
7005_ ] Neutrino MC - é i Double Chooz preliminary
- 3 B —4— pan i
600 ;— —; % |:| Neutrino MC
500" 3 g 10%y E
C - w H ]
400 - : |
300 ! b
200 = I Wyt
1005 N 104 + ‘
(\% oo llnn ool g = n P I I D DT BTN PR PR
7 8 9 10 11 12 0 10 20 30 40 50 60 70 80 90 100
Delayed energy [Mev l MC has no background AT [usec]
£=86.0+0.6% £=96.5+0.5%
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Candidates \/ertex

Distribution

E Double Chooz preliminary -
CTR. :
D) 8 1_ 12
> C
) o- 10
= 5 :
&= b ;
[— L 4
O 2 )
—> 3 3’
@ X (prompt) [m]
O
&) T ¥
s %,
Q
n| s
£ a
= N
Qo)
=
(qv)
9)
=
3
. X (prompt) [m]
111117

Spatial Correlation

no analysis cut

Prompt - Delayed Reconstructed Distance

£ T T T T

b 10 Double Chooz preliminary
- —e— Neutrino Candldates

c

g 10°

w Neutrino MC

s

—
o

1 iy i

1070 700 1§L 2

MC has no background

0
Ar [cm]
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Gd fraction & efficiencies (At AE cuts)

mcludes scans
along z-axis

-

Visible Energy(MeV)

* Gd fraction [i.e. Gd/(Gd+H)]: 0.860+0.005
» 2Cf neutron multiplicity= MC/Data difference <0.4%

At AE cuts= MC/Data differences +£0.5%,%+0.6%, respectively

A-AAAA P W el o ¥ o ¥
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Background (

By

There are two different types of background: accidental and correlated.

Accidental BG
e*-like signal: radioactivity from materials, PMTs, surrounding rock
(208T|)

n signal: n from cosmic u spallation, thermalised in detector and
captured on Gd.

Spallation
neutron

Correlated BG

Fast neutrons (by cosmic u) gives recoil protons (low energy)
and are captured on Gd.

Stopping-muons followed by muon-decay (Michel electron/
positron)

Long-lived (°Li,®He) p+n-decaying isotopes induced by u.

111117 suekane@ICEPP
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Acodental RG

% wék.. Double Chooz pre"m'“awj %205
e g g fd 1 J;
t Ty +*++ t Hitty +f+ : 05

i p=

10"’E T
|
5

"Ak’:”c’idéh’t’:’é}
Singles

\, PRELIMINARY -

Visible Energy [MeV]

l | .- - { . O . e . B ]
10 0.0 0.5

vvvvvvv

analysis method

Including multiplicity condition  osssf

S g s0f |

off time-window from [1,100]ms € s} + W
i

1]

Rate=(0.332+0.004)day"!

“““
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Li/®He BG

A Li/He production upon showering muons
(identified by large deposited E & high neutron multiplicity’

Ao o Li/He rate

- 36 X/ ndf 92567124 360,
i consant 20414 704 i PRELIMINARY
i Ei J:

N | °F
~§ 20/ \l ! | ‘ 2001 |

v SACTRLAGAE I -

" !I| RN | 150:

3 VAR '

= PRELIMINARY sof- b |

0 ——""%0  foe0 1800 2000 A“m;'sloo 0 o1mmmmmmw“':ym“[§.nm

(example) correlation to last extrapolation to all muons

muons Egep>600MeV (low deposited energy)
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Spallation Neutrons

analysis method =
extrapolation as flat energy %1025
spectrum from high-energies £
to prompt energy-window " I
using [V-tagging é il i et iy
UYL TS ST
0:# - ”'P ‘. Flat energy spectrum used for
g ';.3., 05 fit, deviations taking as
- i spectral uncertainties
-1.5PRELIMINARY" * =&’
7 0.40.60.8 1 1.2 1p"(guékane@|CEPPRate:(0'7-|—-0"5)da)'4-5I




Beactor Off-Off

9 %

1%

T=1h15 T=2h00 T=25h30 :
C - Time (h)
V

OFF-OFF data
« Reactor 1 stopped for 2 months (refueling)

* Reactor 2 stopped for 1 day (maintenance)
- In-situ background measurement (Unique capability of Double Chooz)
111117 3 events within 0.7~30 MeV... (see next pages) 46
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Candidate vs Time

Neutrino candidates rate no background subtraction
oo 1m 1 ] T ] T l T ] T I T l 1 I

_;' | Double Chooz preliminary --=-0--=-- Expectedv rate _
& . o Measured v rate

; 80— Average Rate: 42.610.7 day’ ]
-

-

-

7 60

=

20

1 Reactor OFF
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UBLE

@EZ E?'J:F J_I\I)/%Ih\1 Eﬁ_%

N, _ 8 || Double thoog prefiminary
_ Very detailed simulation of all
reactor cycle (MURE) and fuel L'
evolution [reactor data input] -
Pth
TBugey — |
1.7% total error b m

0O 02 04 06 08 1 12 14 16 1.8

expected # of n signal Relat Error (%)
(before cuts) =5339 £93
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O | 3 Preliminary Results

700 —

—g— Data ]
i WS E No Oscillation ]

s00p --.:+-. - Best Fit: sin’(26,,) = 0.085
: @Am,=24e3eV?

First neutrino oscillation data
release of DC at LowNul |
@ Seoul (Korea)

Events

I Accidentals

Far detector data only :

No-Osclllation: .. | T v S
reactor flux prediction e ol
Rate + Shape Analysis: "
sin2(26,;) = 0.085+0.029(stat)+0.042(syst)
Rate Only: ze

sin?(20,3) = 0.093+0.029(stat)+0.073(syst) =
111117 Suekane@]CEPP 0 002 004 006 008 01 012 014 0.6 ggl 35(20?‘)22




Combined result

Machado, Minakata, Nunokawa, Funchal
ArXive 1111.3330v1

’ L' T i
All":“““"““_:l{l6
#DC  MINOs |
""""" ’ 4...4
------------ VR saaee T eSTS
..... 2K
T L ] T B!
Inverted hierarchy 1
2dof: CL Ay? || ]
2 68% (227) 68% (227) | 1 .
’ 95% (5.99) 95% (5.99) | 1 1
B 99% (921) B 99%(921) | | ]
-9
&  0r ® Bestfit ] ® Bestfit T T
_][':'2- - ’ .
o % CHOOZ 90% limit ‘ CHOOZ 90% limit 1
-t | .‘I..l..l...l —”-l...l..‘l...l...l...l-.l.T
0 01 02 03 04 1 0 01 02 03 04 0 05 1
sin?26;3 sin?263 Ay?

FIG. 1: Allowed region in sin” 2613 — dcp plane for T2K, MINOS and Double Chooz (DC) combined at 68%, 95 % and 99% CL
for 2 dof, assuming normal (left panel) or inverted (right panel) mass hierarchy. We also show the Ax? behavior as a function
of sin® 26,3 (top) and as a function of dcp (right) in each case. As a reference we also show the 90%CL exclusion limit from

CHOOZ [10].
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HOME 9 November 2011 hitp:/www.interactions.org
ABOUT INTERACTIONS.ORG Source: CNRS/CEA
Content: Press Release
VIDEO CHANNEL Date Issued: 9 November 2011
BLOG WATCH ) ) ) )
First result from a new generation of reactor neutrino experiments
RESOURCES
POLICY AND FUNDING Physicists of the Double Chooz experiment detected a short-range disapp e of electron antineutrinos. They pr

this result on Wednesday 9 November 2011 at the LowNu conference in Seoul, Korea. It helps determine the so-far unknown
third neutrino mixing angle which is a fundamental property with important consequences for particle and astro-particle
physics. The Double Chooz experiment is looking for neutrinos produced in the nearby nuclear power plant. A measurement of

BENEFITS TO SOCIETY

EDUCATION this third angle would complete our picture of neutrino oscillations as reported by other experiments and will open new
perspectives in under ing why we find matter and no antimatter in our today’s Universe.

CONTACT US

WORKSPACES Neutrinos are the most common particles existing in the Universe, but they are the leastvisible. They existin three kinds called

“flavours™ and they have been known since the late 90's for their special ability to transform from one type into another. This
phenomenon is called neutrino oscillation and itimplies that neutrinos do have a mass. Neutrino oscillations are currently an
intensive field of research with several experiments aiming at a full description of the mechanism.

NEWSWIRE SIGNUP

Sign up for our newswire and
receive the latest press releases

from Bsnide thsla labs around

Neutrinos are produced in various ways such as by fusion processes inside the Sun and by cosmic rays bombarding the
atmosphere. The Double Chooz experiment is dedicated to measure neutrino oscillations with unprecedented precision, by looking
at anti-neutrinos being produced in the nearby nuclear reactor at Chooz in the French Ardennes. Double Chooz started taking data
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sin%20,, sensitivity

Double Chooz - sensitivity, no oscillations

o
-
N

INOW  ToK best fit NJH. (0.11)

______ ________________________________________________________ ]

DC best fit (0.

111117
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AmM2,, =2 5x10-3 eV?
(20% uncert. by
MINOS)

* CHOOZ limit:
sin?20,5 < 0.15

* T2K result (N.H.):
0.03 < sin?20,5,<0.28

* DC result:
0.001 < sin?26,5 < 0.169
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Near Laboratory Excavation

= Started Apr. 2011

= Lab delivery Apr. 2012

= Early 2012

= Baseline ~400 m

= Qverburden ~120 mwe
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@ oncllsicns

9/Nov./2011@Lownu

» Today (201 I): first DC oscillation data shown

- sin2(205)=0.085+0.029(stat)£0.042(syst) @ 68%CL
* The near detector will be operational by early 2013

» With only 2 reactors, Double Chooz will have some
background good measurements. The iso-power of the

detectorszelp to have a final good precision on 03
By Reactor OFF
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RFIF=a1—K~)/RERME®E

N —
Am? DL EITE
DayaBay+DoubleChooz
0.005 0.005
(a) EE
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Double-
Chooz Dayabay
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0.002 0.002
0.001 1 p 00552001, L=105km 0.001 1 p, =0.0742001, L=14km
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0 0
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sin*26,, sin2 6,
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T2KZ=EZ (2011F6A) DFEREDEEFR

(EF=a1—r)/HIFEZR (non-zero 0,,) D JK1E)

9 —¢— Data
() i < Osc. v, CC
= 3t v #v, CC
8 i v, CC
NC
c\\\l’ (MC w/
sin22813 = 0.1)

£ 2| 4+
% - 6 candidate events
ks N 7 remain after all cuts !!
L /%/ (N>p = 1.5 +0.3 at sin22613=0)
E | U

O ...... 4 ,M IM Q/\ R %Am _ e

0 1000 2000 3000

Reconstructed v energy (MeV)
* 2.50 significance of non-zero 0,4

* 0.03 (0.04)< sin?26,,< 0.28 (0.34) @90% C.L.
for normal (inverted) hierarchy
(Am2,,=2.4 x10-3 eV2, 5,5=0, sin220,,=1.0%{X5E)
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Interpretation of the T2K results

Indication of Electron Neutrino Appearance from an

Accelerator-produced Off-axis Muon Neutrino Beam
arXiv:1106.2822v2 [hep-ex] 25 Jul 2011
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0.12 AM%,<0, 0,5=11/4,

P(v,— Ve)

0.08

.

0.04 | Z

I' : Coun;:sy of Dr. O.Y;isucla, HE
= Tokyo Metropolitan Univ. :
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Fig.1, Relation between oscillation probability and sin*26,,.

#0.03<sin?26,,7%<0.28 D 0.017<P(v, > v,)
% 5in226,,7K=0.11 = 0.075<sin?26,,<0.023
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DC: sin226,,=0.0850.084(90%CL)
If => 0.085+0.03
If => 0.08510.01(DB)
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Conclusion -l

sin’26,,~0.1 =» Fruitful future!
* CPV-6, measurement by Accelerator
* Mass hierarchy determination by Accelerator
* mass hierarchy determination by Reactor @ LL~50km
* Am?,; measurement by Reactors
* 60, degeneracy by A&R
* Early non-0 0 detection by A&R

Serious studies on strategy will be necessary
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