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oy Far detector (FD):
: Data taking 04/2011

- Reactor systematics cancelllation by

2 x4.25 GW,, =
1021 neutrinos/s simple geometry (effective iso-flux) 4
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Mean cross section per fission
(Near detector!)

-—---- Emitted spectrum

----- Cross-section

—— Detected spectrum




Outer Veto:
Plastic scintillato

Inner Veto:
- Steel
-70tLS

- 78 PMTs (8”)

Inner detector:

Target (r = 1.2 m):

- Acrylic vessel

- 8.3 t Gd-scintillator
(1 g/l Gd)

Gamma Catcher (0.55 m):
- Acrylic vessel
- 18 t liquid scintillator

Buffer (1.05 m):

- Steel vessel

-80 t “oil”

- 390 PMTs (10”) 6
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) and ,only”“ two reactors
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Delayed E spectrum

(data and MC) before

and after cuts

jection per cut

€

Cumulative r

AR

3
H c
i O
H [
- Q
z 2
€ 2
G G
]
— —
s 8
m c
3 3

Q
g 8

“Accidental BG (VEtOBSBANNY) oo

e JOTY

& 7 R %,
i it ',
® . Xl s
R LR H A
W z m P Sk
2 = = %
5 S = Dl o
= =i S Vv g2
& $i 119
= Si 2 iiw
5 : , ' o
o A e %
s R ] e v
S S i — [ S
U b-8H 2 ' o
> ] b= 1y 4
7 PoRi Il E R
id R 7
X :1 = ,Qo
X : . S K
X 0 sy =
W I " L
O . [ =
o ¢ B HY,
5 g Stk o >4 5
o R S . <
¥ o e%”
; et
s xSl
=% 7
%0 cvt’l a\\V
ot
N AO
gAY
24 %,
| & %
~ 7 o 7 %
o o o o
L | L | L |
uonoe.d IAneRY
o
Ll
m
o]
—

Visible Energy (MeV)

t background

IClEeNn

th cuts/vetoes

C

ffi
background rejec

IBD e

tion

ol

for IBD candidates

supression wi

5 5 % 5 g -
- @ S

> Eff

AN 1°0 Jad saujug




Ve > W B M & S : TN
B OAPAN- PRAR RS IpLMAL S . . " e o : (1 0 05 P ™ TS
pod r e i rrc ey v el e i - R . > . . S PRADR AR IgS Pt Delel SR D DRAD AR ipd Pt el
P WY e 0 TS oy B Va4 ba y | v = RS > B \ o 4 ’ N PO Pty Py e 80 Pty Yoy
HOTAN G Iyiigepl e e SR 4 MO AN ] Ll il el W Or AN e
Tl vike « Yy oy = = v - . - sy 11 = o e .=
¢ Edoeh. | g Rt |

= —4— FD Data ; —4— ND Data
n No-oscillatted MC E 104 T —— No-oscillatted MC ?
L Accidentals i B Accidentals ]
> 10° L] [ > I i :
g m Fast Neutrons i § 5 | Fast Neutrons
s 1 8™ F :
= s | z
i ~00k IBDs { & ~210k IBDs |
w ] m 107 - 3
N N\ ’ 10 N\ 1
5 10 15 20 5 10 15 20
Visible Energy (MeV) Visible Energy (MeV)

Ev./day FD Ev./day ND

IBD candidates 112 816 S/B>10!
Cosmogenic BG (°Li) 2.62+0.27 14.52 +1.48
Fast n 2.50+£0.05 20.85%0.31
Accidental BG 413+0.02 3.1 +£0.01 11




Observation / No-oscillation prediction
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FD Data

No oscillation

Best fit on sin 22913 =0.105 £ 0.014
Single Detector 1 ¢ Variance

Multi Detector 1 ¢ Variance
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Double Chooz IV
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Observation / No-oscillation prediction
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Double Chooz IV
Near (258 live-days)
i

2 3 4 5

Visible Energy (MeV)

» Data-MC fit including Bugey 4 normalization
> sin?20,;=0.105 + 0.014 (stat.+syst.)

New!

» Multi detector fit robust against spectral distortion

12



Data/data Data/MC ratio plot
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Data to data result: sin?20,;=0.103 + 0.017
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Double Chooz

Total Uncertaint):'

Statistical Uncert:ainty:'

sin’(26,,)=0.105+0.014 }——o——|

3 TnC MD (n-H®n-Con-Gd)
Daya Bay
190 L5 eross,0m06 017 n.Ga fo isin’(20, )=0.0840.003

difference
(systematics!) ReNO

PRD 93, 072011 (2016) n-H H—e—H  :sin’26,,)=0.07130.011

PRL 116, 211801(2016) n-Gd |-|—o—|-| sin;2(2913)=0.08I2i0.011
T2K U DU
PRD 96, 092006 (2017) Margmallsa:honé (SCP,GZ%,)
Amg,>0 — —e :
A mgz <0 E ; - :
' i '
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workshops to discuss systematics Sin“(20,,)
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TnC Reactor-off Vetoes - Delayed Events (Far)
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Double Chooz ND
TnC (n-H®n-C®n-Gd)

Bugey4
Phys.Lett.B338,383(1994) He

Daya Bay
CPC 41.1.013002(2017) n-Gd

2011 World Average
Phys.Rev.D83:073006(2011)

Statistical Un'certlain'ty P o
Experimental Uncertainty '
Total Uncertainty : :
I 1 1
I : 1
H—t— —
(iri:cludes iBugey4)
Common Reactor Model ¢ =2.2%

0.85 0.9

0.95 1
Data to Prediction Ratio (R)
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Background studies

(DC, PRD 87 (2013) 01110(R),
DC, PRC 93, 054608, 2016)
DC, arXiv:1802.08048)

Cosmic muon characteriz.
(DC, JCAP02(2017)017)

Ortho-positronium
(DC, JHEP 10 (2014) 032)

Lorentz violation
(DC, PRD 86,112009, 2012)

Scintillation waveforms
(DC, JINST 13 (2018) P01031)

PMT light noise
(DC, JINST 11 (2016) P08001)

Neutrino directionality
Sterile neutrino studies
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 P.Soldin: We#207 19



Summary

» Double Chooz 2 detector data: early 2015 till
end of 2017 (effective iso flux)

» Improved statistics with total neutron capture
(low detection systematics)

» Good background control (S/B > 10): confirmed
background model with Off-Off data!

> New result: sin?(20,5) = 0.105 + 0.014
» Spectral distortion: slope and 4-6 MeV structure
» Currently finalizing publication

» Sensitivity improvement: =2 more years of data
and new measurement of target proton mass

20



In memory of...

Herve de Kerret
(spokesperson 2004 — 2017)
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