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Data-MC fit including Bugey 4 normalization
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Data-MC fit including Bugey 4 normalization
§in?20,, = 0.105 = 0.014 (stat.+syst)  ( NEW! )



—+— FD / ND Data

.............. No oscillation
Best fit on 5in22(-)13 =0.105 £ 0.014
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Data-MC fit including Bugey 4 normalization
§in?20,; = 0.105 = 0.014 (stat.+syst)  ( NEW! )

Multi detector fit robust against spectral distortion
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2 X 4.25GWy Loy & 2015
~ 10%'ve/ s

systematics

Ve Disappearance between Near and Far detectors - 6, 5




FD-I DATA

DIDATA . VERY GOOD NEAR - FAR
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PCSTATI(STICS / EFFICIENCY

Small” Gd-target (8.3 t) and .only” two reactors
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Jotal n-Capture™ (ThC) improves statistics factor 2.5!
' (captures on Gd+H+C -> leak immune!)



-Aceidental BG-(Raw)

Accidental BG i(Veloes Only) : De[a_y ecj E Sp ectrum
Ac'cidemal'BG';('VetoesthﬂNN) { dafa aﬁd MC) befOf e
MCTnCIED i and after cuts

—e— IBD TnC ND o

Cumulative rejection per cut

Entries per 0.1 MeV

Average Efficiency ~85%

Visible Energy (MeV)

-> Good data/MC agreement
for IBD candidates

-> Efficient background O e
supression with cuts/vetoes ﬁ _——

I1BD efficiency and
background rejection
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Ev./day FD Ev./day ND

IBD candidates 112

Cosmogenic BG (°Li) 2.62+0.27 1452 +1.48 § 3/5} 1 0
Fast n 250+ 0.05 20.85%0.31 B
Accidental BG 413 +0.02 3.11 +0.01




Y TnC Reactor-off Vetoes - Delayed Events (Far)
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Total ~25 days*(=17 for ND)

1
Delayed Visible Energy (MeV)

ND (ev./day) FD (ev./day)

OFF-OFF | (2012) 8.9+1.2 = *
Backgrounc

understanding

OFF-OFF 11 (2017) 39.6+25 9.8+£0.9
Rate+Shape values 38515 9.3+0.3

All numbers within 10!
10.



‘MORE PC 0,, FIT5

Total Uncertainty SRER:
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‘MORE PC 0,, FIT5

Total Uncertajnty
Multi-Detector Statistical Un¢ertainty
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Total Uncertajnty
Multi-Detector Statistical Un¢ertainty
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‘MORE PC 0,, FIT5

Multi-Detector

DC-IV Rate+Shape

Shape-Only

RRM

RRM [1,8.5]MeV

DC-III Rate+Shape (Gd-n)
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ND®FD-I
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Statistical Unlcerfainlty '
Experimental Uncertainty
Total Uncertainty '

Double Chooz
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 (includes Bugey4)
Phys.Rev.D83:073006(2011) —————

Common Reactoir Moc:iel c =2.2%

085 09 _ 095 1
Data to Prediction Ratio (R)
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FLUX ERROR BUPGET & SINGLE PETECTOR FIT

Flux Model Error Budget Impact on sin22913 with Arbitrary Distortion and Asimov Data
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FLUX ERROR BUPGET & SINGLE PETECTOR FIT

Flux Model Error Budget Impact on sin22913 with Arbitrary Distortion and Asimov Data
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FLUX ERROR BUPGET & SINGLE PETECTOR FIT

Flux Model Error Budget Impact on sin22913 with Arbitrary Distortion and Asimov Data
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FD + B4, Model Shape Error Increase

FD + ND, Model Shape+Rate Error Increase

x2 for FD + B4

x2 for FD + ND

Double Chooz IV
Preliminary

sin’20_, (Fitted - True)
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Error Factor
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Rate+Shape (B4 ® 4xo™™) Xz (Xl = X4 effO!’) W/ Data:
ol e e Ee—tE FD+B4 = 105 -> 53 ( 74 DofF)
’ ' ' FD+ND = 182 -> 93 (112 DofF)
19 .




FLUX ERROR BUPGET & SINGLE PETECTOR FIT

Flux Model Error Budget Impact on sin22913 with Arbitrary Distortion and Asimov Data
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R ‘ FD+ND = 182 -> 93 (112 Dof)
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Total Uncertaint;% l
Double Chooz Statistical Uncerthinty
> TnC MD (n-H®n-C®n-Gd) | sin’(26,,)=0.105:0.014—f—e—t—

diffefeﬁce Daya Bay

(SYStemat!CS!) > PRD 95, 072006 2017) n-Gd || isin2(§2913)=0.084%£0.003
PRD 93, 072011 (2016) n-H H—e—H  isin’26,)=0.07130.011

RENO

PRL 116, 211801(2016) n-Gd H—e—H sin’(26,,)=0.0§2:0.011

T2K N i
PRD 96, 092006 (2017) Marginalisation (3y,0,3)

Am§2>0 |

Am§2<0

0.05

Intl. Reactor-0,, Workshops: Combined (DC/DYB/RENO) effort to understand systematics
21.
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Excellent agreement to first order



Residuals DC-DYB Ratio Entries 24
DYB arXiv:1607.05: i i

1 IMean  —0.1667]

I I ..St;é:l.Dev.. 0.9647 |

Ratio DC / DYB

-4 -2 0 2 4
Normalised Residuals (o)

Visible Energy (MeV)

Agreement within statistics

2D



5 -xz / dof* 12.1/ 20 (prob-591 2%)
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-> "Excess” in agreement -> Empirical fit: negative slope and empirical double peak
with Flux model -> Width significant larger than energy resolution
-> Slope not compatible with E.S. model 24



-> Three Years of Double Chooz 2 detectors data: 2015 - 2017
-> Novel 1BD detection : Total Neutron Capture
-> Improved statistics & systematics

-> Good background control (S/8 > 10) - Confirmed background
model with Reactor-off Data!

-> New result: sin22613 =0.105 «+ 0.014 (w/ 15 months of data)

-> Single Detector Fit protected with a new Flux error budget
-> Spectral distortion: slope + 4-6 MeV structure

-> Currently finalizing publication

-> Sensitivity improvement: extra data and new measurement of
target proton mass -> ~< 0.01 25



Herve de Kerret
(Spokesperson 2004 — 2017)
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o/L @ 7.9 MeV (%)

o/L @ 7.9 MeV (%)

-> Optical and chemical stability
of Gd-scintillator (7 years)

-> Gd fraction (center) stable on
< 0.1% level

Far detector Gd-fraction
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NEUTRINO PROPUCTION / PETECTION.

Mean cross section per fission
(Near detector!)

e Emitted spectrum
--- Cross-section

Detected spectrum

(arbitrary units)
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Outer Veto:
Plastic scintillator

Inner Veto:

- Steel

-70tLS . . -; H __ ,
- 78 PMTS (8”) | .:;.‘-___'“___-.-h ___'*:_ =

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
-80t “oil”

- 390 PMTs (10”)
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Far / Near

Data / data
—+— FD / ND Data

No oscillation

Best fit on sin 22913 =0.103 £ 0.017

I:l Multi Detector 1 ¢ Variance

¥2 |DoF=28/37

gl

= Double Chooz IV
Far (818 days) + Near (258 days)

3 4 5
Visible Energy (MeV)

Data to data result: sin?20,, =

—+— FD / ND Data

No oscillation

Best fit on sin’2913 =0.105 £ 0.014

I:l Multi Detector 1o Variance

Far / Near

: : ouble Chooz IV
Far (818 days) + Near (258 days)

3 4 5
Visible Energy (MeV)

0.103 « 0.017

33



DC Sensitivity
o 0.025

+ extra FDI data

0.020
- + "Projected" Det.Syst.

+ Rxtr.Syst. Limit Case

Time since MD data-taking start (years)

-> Double Chooz final sensitivity: 0.009~0.010 !
-> Proposal (2006): ~0.025
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