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the world's 03 knowledge. ..

Anatael Cabrera (CNRS-IN2P3 & APC)



0 13-reactor measurements (summer 2015)...

Best Fit +
68% C.L.

Accelerator
Experiments*

- Normal
Hierarchy

g Inverted
Hierarchy

*All results assuming:
Ocp =0,
923 - 450

Reactor
Experiments**

® Rate only

O Rate+Spectral

n-Gd
n-H

**Number of days refers

to far site live time

Global Fit

7/, NuFit v2.0

KamLAND
MINOS 8.2x102° PoT

T2K 1.43x10%° PoT

DC (1 det) 97 Days
Daya Bay 49 Days
RENO 222 Days

DC (1 det) 228 Days
Daya Bay 139 Days
T2K 3.01x102° PoT

DC (1 det) 240 days nH

MINOS 13.9%10?° PoT

[1009.4771]
[1108.0015]
[1106.2822]
[1112.6353]
[1203.1669]
[1204.0626]
[1207.6632]
[1210.6327]
[1301.4581]
[1301.2948]
[1304.0841]

DC (1 det) RRM Analysis [1305.2734]

T2K 6.57x102° PoT

Daya Bay 190 Days

[1311.4750]
[1310.6732]

Daya Bay 190 Days n-H [1406.6468]

DC (1 det) 468 Days

[1406.7763]

[arXiv:1409.5439]
Daya Bay 563 Days [1505.03456]

unsurpassable reactor precision— “reactor-0,3” for several decades to go!
(measurement by 12K MINOS, KamLAND @5olar, etc)
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1 2K@NOVA®reactors: a CPV hint...?

Comparing T2K results with reactors

T2K sin?26+3 result computed
assuming sin023=0.5, &cp=0,
and normal hierarchy (top), and

inverted hierarchy (bottom) Am;,>0
68% CL
90% CL

— Best fit
PDG2012 lo range

i L £ anes i

]TII'I]II[II]I[TIII

Consistent at 90% CL (1.60)

A |

..but excess by 12K nudges all
remaining unknowns in direction
to Increase rates
- normal nierarcny
- Bo3>45°
- Ocp=-11/2 (aka 311/2)

~
=
p —
el

1O 005 Ol 015 02 025 0.3 035 04
sm“291.3
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LBL Acc + Solar + KL

+ SBL Reactors
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. (Lisi et al Jan. 2014) impact to the 0,5 octant...

AyotelalH |[BwWION

AyoJlelalH pausAu|

SK atm: We continue to find an overall preference of atmospheric
data for the first octant — which currently wins over other data.
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SO, both. ..

0,5 central value

B3 uncertainty

critical iImpact to global picture
(3V oscillation)

Anatael Cabrera (CNRS-IN2P3 & APC)



a thougnt. ..

on\y one experiment providing
& claiming ~1%o errors?

(example: LEP)

Anatael Cabrera (CNRS-IN2P3 & APC)



cactor-0 3

(combining results)

Daya Bay®DoublexChooz®RENO

|5 workshop— Autumn 2016 (Seoul, South Korea)
(systematics, results, etc)

2" workshop— later on (allow full statistics samples)
(towards the combined 0 13)

[the best O3 value for a long while]

Anatael Cabrera (CNRS-IN2P3 & APC)



the ©3-reactors rationale. ..

Anatael Cabrera (CNRS-IN2P3 & APC)



. reactor-0 13 experiments: geometry. ..

Double Chooz RENO Daya Bay

R =reactor QO
each detector []

0 /
! " ’
v
! Into 1
[ /
Y
[ /
Rl O - R2

FD @ 300mwe FD @ 450mwe FD @ 850mwe
(target: 8t) (target: 16t) [2x DC] (target: 80t) [10x DC]

key design feature of experiment:

*(if identical) detection-systematics (target composition, efficiency, response, etc): ~2%—>~0.2%

*(if near/far) flux systematics: ~3.0%(raw?)—~1.0% (uncorrelated)—<0.5% (geometry)

Anatael Cabrera (CNRS-IN2P3 & APC)



multi-detector rationale...

: single detector multi-detector
systematlcs (%) (%)
. ~2.0 ~0.2
S(detectlon) (no fiducial volume) (identical detectors)
~3.0 (prediction) <0.5
S(flux) ~1.7 via Bugey4 ND: reactor monitor
gey
<1.0 <I1.0
5(BG)

(radio-purity+overburden) (multi-detector insensitive)

absolute error (single detector)— hard to measure 0,3

relative error(multi detector)— high precision on 03

Anatael Cabrera (CNRS-IN2P3 & APC)



reactor-0 1 3 experiment: configuration. ..

12 m

8.5 P | = Double
GW,, ﬂ) [ 8t near 8t far [§

Chooz
o
A
i
(138\/?, ﬁ 16t near 16t far ﬁ
PO m

I 5
[ %
e

4x20t far rl ‘I‘

[Eb m 2x20t near |
17.4
GW,,

Iﬂb m 2x20t near ||

— Electron antineutrino
cer 1050 M e Sy survival probability

)

Effective baselines

13800 m e —_
v 1660 m - —

= ...and maximum overburden to reduce backgrounds from cosmic-ray muons

Anatael Cabrera (CNRS-IN2P3 & APC)






M a generic 03-LAND. ..
_Outer p-Veto (OV)

Plastic-Scintillator: strips (—tracking)

- V-larget (NT)

Liquid-Scintillator + Gd (0.1%)

Y-Catcher (GC)

Liquid-Scintillator

_ Light Buffer

Ol (negligible scintillation)

, Inner p-Veto (V)

Liquid-Scintillator

. ——— — — — —— — —— —

Inert y-Shield

| 5cm of steel (around all detector)

Anatael Cabrera (CNRS-IN2P3 & APC)



reactor-0 | 3 detectors..

Comparison of detector designs

Antineutrino detectors Muon veto system

el :
g | B Target:  Gd-doped LS LS inner veto (Double Chooz)
y catcher: undoped LS Water cerenkov (RENO-+DB)

Buffer: mineral oil

o'

Plastic scintillator top (DC)
RPC top (Daya Bay)

Acrylic vessels

Double Chooz
>020000070
>3000[aa00

e o s | Steel vessels
0 0) > Rock /concrete m==  Tyvek structures

QQLJEJL:ILJQL:JU“_I

mlslsisEslninlnlinl

goog gogg

Anatael Cabrera (CNRS-IN2P3 & APC)
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NOTE: all PMTs working (white means: no charge)
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H-n-IBD candidates track reactor activity. ..

DC-l (n-H) Preliminary

erage Rate: 72.1:0.4 day”
C Average Rate: 66.1£0.0 day

FI||.| glllll‘! |||||, g ]'l|| i”Sll ||||||i||'||-!]
80 |n j.w'.#-ﬂr'mii! '!Li.ii

601 41

il
40 Ii |
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" "] 1ls -:

||| i I

| | 2 reactors ON
,| e P
il L

Jliu!iiﬂ i.iw |||.;L

i Jun\lﬁlrn'wf ' : -[

- Expectedv rate

Measured candidates rate {

i “‘ ||l‘ 3 I’ || I||||I "' !III'I

I‘|||IIII‘L |Il |||||I||l.‘|ll “EII l‘.

'? Hﬂ'ﬂﬂ'ﬁﬁ‘&iﬁi"’ia." iutii

T i
i bl o on

(“IXON”)

600

daily IBD candidate variation (no BG subtraction)

accurate reactor power tracking (data~MC)
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our model; 3 backgrounds (SO far)...

For Three Wen
The Civil War
Wasn't Hell.
It Was

Practice!

CLINT EASTWOOD

"THE GOOD,
THE BADE
THEUGLY ™
LEE YAN CLEEF 1100605 i seee

ELIWALLACH 50/ oy

s ettt TECHMSCOPE'IEGIIEOLUI'

"' United Artists

~ Anatael Cabrera (CNRS-IN2P3 & APC)



our model; 3 bac|<grounds (so far)

For Three Men = — .n o etc
”u-' L'lwl War | AND, B‘ W

Reactor ON
;30 = 0 1
= dr =30 cm 3 i
5 & z0am |3 ;
Lg > d.+, <100 cm E 3 |
8 2<At £100ps | £ %
& A B % A B : S
| | = 150
> 7
did. andidat = g
e el ¢ : | 5 100 //
__________________________________________________________________________ I LI>J ’
C C 50 ’
i D ! i D | 2 4 6 8 10 12 14 16
VI S R | Visible Energy (MeV)
e -like Energy (MeV) ' like E!HE}? (Me V:l

"THE GOOD,
THEBADS
THE UGLY”

LEE VAN CLEEF 1
ELIWALLACH oy o

T3 G R 7 . TECHNISCOPE TECHNICOLOR'
T United Artists Anatael Cabrera (CNRS-IN2P3 & APC)



1 prompt energy spectrum...

_|_ Uata
—— MNo-oscillation signal
] Accidentals

Fasln+stopplngu
:I *Li+ *He

Double Chooz Preliminary
DC-1Il {(n-H), Livetime = 46272 days

=

D
=
T
o
o
a
-
2
L

eaccidentals: well understood
(negligible impact)

10 ,
Visible Energy (MeV) oILj (+ a little 8He)
(dominant systematic)
] [lata __mmec
—— HNo-oscillation signal
?;'::T:f; *fast-n (+ little stopped-Hs)
[:] "Li + *He

(major rejection— minor impact)

Double Chaoz Preliminary

DC-l (=M, Livetime = 46272 days ostopping-u; mosﬂy r‘ejected

Events/0.25 MeV

eother BGs...
« 3C(a,n) €0
10 -
Visible Energy (MeV) 2B related

(hideous deformation <2.6MeV— dramatically reduced)
Anatael Cabrera (CNRS-IN2P3 & APC)



reactor-0 | 3 background summary. ..

Background budgets at far detectors

Lithium/®Helium c Fast n/stopping muons
].D,-":l:n

8%

(+F
6%

] Y
I I T - EJ
20 =
3 M| w
- o~ —_—
- L = o

) l l g =
Initial Analyses Wt Analyses Initial Analyses Latest Analyses

Accidental coincidences Other backgrounds

: . : a0
0 = I 0 B -
Initial Anaw Latest Analyses Initial Analyses Lateszyses

I RENO

m DC's background uncertainties dominated by °Li due to shallow site

B RENO most affected by californium contamination in post-2012 data

m Daya Bay also impacted by °Li, albeit at smaller scale due to deeper sites

Anatael Cabrera (CNRS-IN2P3 & APC)



DC vs DYB: two philosophies...

DC forced into unprecedented

(DYB much less BG)



active BG rejection...




. our vetoes In action (one by one)...

Gd-Ill (vetoes OFF) DcC. : /
: Fejectio
°L N syst
Li+He veto /He— ~509 ’”ejGCtiony em)
OV veto
IV veto
Gd-lll (vetoes ON)

I (nove]

Entries/250keV

>
Qo
X
o
L0
A
=~
(9}
Q0
—
—
c
NN

Entries/us

stopped-H largest BG
(if not vetoed— ~fully rejected)

Anatael Cabrera (CNRS-IN2P3 & APC)

1 . .10
Correlation Time (us)




2 VT for AccBG (multi-Compton rejection). ..

Double Chooz Preliminary DC-IlI (fn-Hj‘;
. ! ! 10
I R exploit p-veto (IV) power (LS not WC)

.....................................................................................................

N
o

_____________________________________________________________________________________________________ (first time) reject external Y’s (from rock)
....................... ............................ [296T| Compton-edge dominated— BG for H-n]

"""""""""""""""""""""""""""""""""""""""""""""""""""""""" ~30% AccBG rejection

.....................................................................................................

u-Veto Visible Energy (MeV)
& 155 I 6 6 1540 b o

(also reject FN and stopping-p's— ~0% IBD-inefficiency)

0— 5 10 15
Visible Energy (MeV)

Double Chooz Preliminary DC-III (n-H)

>

¥
=
N
o
——
»
b
F—
c
w

—8 10 12 18
Visible Energy (MeV) ra (CNRS-IN2P3 & APC)




»  measuring out BG in site (reactor ON data). ..

BG are data-driven (rate + shape) characterised & fit [0.5,20]MeV
(only experiment in 013 doing that)

; —+— IBD (standard IBD selection)
—+— IBD above 20 MeV (muon Veto at 30 MeV)
+ IV Tagged

-
N
o

Events/0.50 MeV

>
O
=
Q
-
100 ~
(7))
QO
—
wfed
c
Ll

8 10 12 1 2 2

Visible Energy (MeV) Visible Energy (MeV)
‘Lio%He fast-neutrons
ratet+shape: data measured using correlation shape: data measured flat using [V-tagging
to progenitor Ys (spallation interaction) (no extrapolation or MC— non-flat in GC)

rate: measured in [20,30]MeV
largest sample of Li+He ever shown and

used for 0,3 analysis (negligible contribution of stopped-H)
Anatael Cabrera (CNRS-IN2P3 & APC)



o reactor-OFF data...
ela

Entries/MeV

>
)
=
L0
Q
(7))
Q
-
-
C
L

10 15 ' 6 7 8
Visible Energy (MeV)

(scrutinising a few event-wise BG-only)

| week—poor stats (spectral info fluctuations dominated)— inconclusive

(in agreement with (9.9%1.0) estimated between [12,20]MeV)

Anatael Cabrera (CNRS-IN2P3 & APC)



px

013 measurements. ..

(last with FD-only)

Anatael Cabrera (CNRS-IN2P3 & APC)



» 013 spectral distorsion (rate+shape) measurement...

Rate+spectral oscillation analyses

Double Chooz: Daya Bay:
Absolute measurement Near-far relative measurement

—+— Far site data —+— Far site data

Prediction Weighted near site data
(no oscillation) (no oscillation)

Prediction

Weighted near site data
(best fit)

(best fit)

/ day / 0.25 MeV

BG-subtr. events / 0.25 MeV

=]
(=]

lllIII|II]|III|III|III|III|

BG-subtr. events

PN N N T T N T T T WO T A T T Y N T T T TN T T T I T T T T I T T T Y Y N Y Y N NN A

"oy
)

Tensions with .. ]

11"”'"“'
reactor model + %,
AN
: B ;

- -
"+ ¥
"
1‘ K
- *
““ “‘.
',..- ‘l..-
PR SN T A T T T A I B ol I ] T T T T N T T T T A T T T N Y N TN N T T [N T T T T N T B

| o kel | P
1 2 3 4 B 6 7 8 5 6 7 8
Prompt energy [MeV] Prompt energy [MeV]

Mostly insensitive
to reactor model

ITITTITTITTT

|

IIIIIIIIII]IIIlIIII-III III|III|III|III|IIII]II|IIIIIII

predicted

Data /
-IIII]IIIIII]IIlI”I I[TTT

near (weighted)

F ar I,-"I

Double Chooz: sin®26;3 = 0.09 +0.03
|[Am?,| fixed

Daya Bay: sin 2013 = 0.084+ 0.005

2 . +0.10 2
|AmZ. | =2.447 ;1] meV

Anatael Cabrera (CNRS-IN2P3 & APC)



Observed rate (day™)
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Combining this H-based result with latest

A n-Gd data
; L e
® n-H data : : "ﬁ :
....... Best fit (y2/dof=12/13) }
90% CL .
16 error defined as Ay’=1.0 2"
- &, : :
o 4 | |
i oA
& A
sin®(26,,) = 0.090:+0.033 (stat+sys)

DC-Ill (nH) Preliminary

N T T T

i
0 20 40 60 80
Expected rate (day™)

sin” 26013 = 0.090 -

H only: sin?26;3 = 0.0Qng:ggg,

Gd-llleH-Ill RRM...

Gd-based result (2014):

-
=

Q.;.r.1
n

n
L]

(g~ ]

nGd Background rate (day")
tn

1._......_.....‘.....‘.._..j.._:. ......................... .............
e - :
= 8.5
=
% 8
f—
= 7.5
B
=
B 7
1]
S :
= 6.5 =S P
-] [Jes.3%cC.L. |!
ot : ] '
i i : i i 1 L
0 0.05 0.1 0.15 02 5\_ , 10
sinz(?.ﬂn} A%

-0.033

Gd only: sin®26;3 = 0.09019-03¢
Correlations between Gd and H have minimal impact. This result assumes no correlation.
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0 13-reactor measurements (summer 2015)...

KamLAND [1009.4771]

Best Fit + /
68% C.L. ‘ MINOS 8.2x102° PoT  [1108.0015]

T2K 1.43x10%° PoT [1106.2822]

é;gglrei:rrﬁ;g:s* ‘ _ DC (1 det) 97 Days [1112.6353]

Normal ’ Daya Bay 49 Days [1203.1669]

" Hierarchy
RENO 222 Days [1204.0626]
Inverted

0 .
Hierarchy —r DC (1 det) 228 Days [1207.6632]

*All results assuming:

Ocp =0,
0,5 = 45° — T2K 3.01x102° PoT [1301.4581]

Daya Bay 139 Days [1210.6327]

DC (1 det) 240 days nH [1301.2948]
Reactor

Experiments** 7 MINOS 13.9x10%° PoT [1304.0841]

® Rate only 7 — DC (1 det) RRM Analysis [1305.2734]
O Rate+Spectral

n-Gd
n-H ‘ T2K 6.57x102° PoT  [1311.4750]

**Number of days refers ! Daya Bay 190 Days [1310.6732]

to far site live time

Daya Bay 190 Days n-H [1406.6468]

Global Fit o B DC (1 det) 468 Days [1406.7763]

7/, NuFit v2.0
[arXiv:1409.5439]
Daya Bay 563 Days [1505.03456]

unsurpassable reactor precision— “reactor-0,3” for several decades to go!
(also measurement by T2K MINOS, KamLAND ®Solar, etc)

Anatael Cabrera (CNRS-IN2P3 & APC)
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all about systematics. ..

abh - L Anatael Cabrera (CNRS-IN2P3 & APC)



" thinking of systematics...
Double Chooz RENO Daya Bay

R1 06 R2

FD @ 300mwe FD @ 450mwe FD @ 850mwe
(target: 8t) (target: 16t) [2x DC] (target: 80t) [10x DC]
R systematics DC DC DB RENO
(%) FD only FO*ND FDs+NDs FD+ND
(prospected)

1.7 (Bugey4
6 (ﬂ UX) [~3.0(no B%ge>>//4]>
O(detection)

S(BG) 0.3 0.3 ~0.2

<0.1 0.8—4<03| 0.9
(projected) (latest PRL) (PRL 2012)

~0.2 0.2 0.2
(projected) (NIM-A) (PRL 2012)
1.0

(PRL 2012)

(DC-Ill R+S) (DC-Ill R+S) (atest PRL)

Anatael Cabrera (CNRS-IN2P3 & APC)



reactor flux systematics. ..

(no total cancellation)

Anatael Cabrera (CNRS-IN2P3 & APC)
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DC major O(flux) cancellation with ND...

DC most iso-flux experimental setup

—> ~90% O(flux) suppression

flux suppression factor evolution

>
=
o
£
=
>
w
<C
o
o
>
|_
>
e
£
©
T
O
&)
-
)

2 reactor
running spot

Acceptance Asymmetry

reactor-error correlations— d(flux) suppression

O(flux)FP=1.7% — d(flux)FP*NP<0.1% (preliminary)

“Reactor Neutrino Flux Uncertainty Suppression on Multiple Detector Experiments”
Cucoanes, Novella, Cabrera et al. (arXiv:1501.00356)  anatael Cabrera (CNRS-IN2P3 & APC)



suppression case D=[2...Np] & R=[6...NR]...

RENO

Daya Bay

RENO site

*geometrically very appealing
*ND does NOT see the same as FD

— large acceptance differences

Daya Bay site
*seometrically much harder but well designed
*NDs do NOT see the same as FD

—> double-counting of reactors

*partial effective iso-flux-ness is possible: ~40% *partial effective iso-flux-ness is possible: ~50%

“Reactor Neutrino Flux Uncertainty Suppression on Multiple Detector Experiments”
Cucoanes, Novella, Cabrera et al. (arXiv:1501.00356)

Anatael Cabrera (CNRS-IN2P3 & APC)



03 experiments— high precision spectrum.

——J}—— Background-subtracted dat
DOUbIe ChOOZ ( ) acg-o - S acted data

No oscillation

i :] Reactor flux uncertainty
~3 '00— ( | 7|< events @ FD) [ ] Total systematic uncertainty
Best fit: sin°20,, = 0.090
at Am? = 0.00244 eV’

Data / Predicted
0.25 MeV

DC-Ill (n-Gd) Preliminary

Livetime: 467.90 days
! PR SR SR TR NN T SR T T NN T S S
3 4 5
Visible Energy (MeV)

REII\IIQIITrqlirInIipIaIry I

—— Data

B Huber+Mueller (full unc.)

Huber+Mueller (reac. unc.)

Near detector

—— Data
- Mcosc

sin”20,; = 0.100

>
[+ ]
=
[7)]
-
=
@
>
w

RENO ( )
~3.60 (~500k events @ ND)

— ILL+Vogel

|.-\|n§7 =232x 107 eV’

Measured spectrum

IS normalized to

prediction for shape
“a Only comparison.

¢

Entries / 250 keV

\[[INIlIIIIIIIII|II

=
(X

not systematics shown

T

o
—

(Data - MC) / MC

Data/Prediction

Daya Bay ( )

~4.00 (~300k events @ 3xNDs) - ‘ 10
Prompt Positron Energy (MeV)




» [4-,6]Me\/ energy distorsion...

&1
© 1
ks
E.l
S 1
=L 3
QO
$;1
2 0
.
5
© 0
c
20
L
O.

3 ¢ 5
Visible Energy (MeV)

consistent result with both Gd-n and H-n IBDs (independent)
(but )

Anatael Cabrera (CNRS-IN2P3 & APC)



» (013 experiments) spectral distorsion [4,8]MeV...

|0 of d(flux)— 3% (DB & RENO) & +1.7% (DC@®Bugey4)
Data (normalized to prediction)

—¢— Daya Bay near [icHEP2014]
—+— Double Chooz far [nu2014

o RENO near [nu2014]

I‘IIII‘IIII‘IIII

O
©
O

—IIII‘IIII‘IIII‘I

O
©

=
O
4+
—
=
0,
A
O
i
(qv)
4+
(qv!
)

Statistical+detector uncertainties

I | | | | I | | | | I | | | | | | | | | I L1 | | I | | | | | |

1 2 4 < 6 [

DC absolute normalisation
DB & RENO relative normalisation PrOm pt energy [M eV]

3 different experiments— pointing (almost) consistently to one effect
*shape & normalisation consequences (not just shape)
«d(flux) error is very likely to increase (hard to believe otherwise)

3 experiments wrong in the same way is very unlikely (no evidence or reason)

]

Anatael Cabrera (CNRS-IN2P3 & APC)
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not everything is clear...
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. (Bugey3) everything ok— error<3%?

5

e+ Energy (MeV

Bugey3 does not exhibit evidence of energy distorsion...

* (suggested explanation by a Bugey3 member) energy resolution is poor due to segmentation(?)

—> wash out?

speculations...
«different reactors

different detector (no Gd— Li capture based)

difference BGs
sctc... (accommodate all possible opinions)
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» the "RENO Issue’” (no more anomalies, please). ..

E= Fast neutron
o Accjdental
gl B Li/"He

S

< XX FIIY
~
~

- -

RENO Preliminary
Near detector

S

Entries / 0.25MeV)|
> 3

Entries / 0 25MeV

Data / Prediction

5 10
Prompt energy [MeV]

_+_
- Stay tuned for Am,;2 measurement

+ ——+—
Far detector

—4— Far Detector
—— Near Detector

|
t t

Data / Prediction

—
S
Z
~—
-
&
a8

Prompt Energy [MeV]

1

10 :
Prompt eneiey [MeV] Data and expected shape (blue line) agree well.

(publication PRL 2012) (no publication yet)

RENO: strange energy distorsion— consistent across ND & FD?
(RENO only | paper— mid-2012, else several presentations)

DB suggests distortion FD~ND — fully demonstrated? (no publication yet)
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“conversion’ vs 'summation’ methods...

- Nuclear Calculation

= === B Conversion, Huber
B Conversion, Mueller
Nuclear Calc., Fallot

O
)

x S(E_) [MeV" fission’]
-

o,

T

—+— Daya Bay
RENO
Double CHOOZ

Hlllllll

L )
T T T I L I T
> " |
-

{d) Rah’b to Huberi Model
2 3 4

LT

Antineutrino Energy [MeV]

uncertainty I1s hard to estimate (=< 10%)
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what to remember?
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" conclusions...

® world reactor-0,3. ..
® both central value & error (critical impact to 3V oscillation picture)— constrain 023, 0cp?
® 3 experiments redundancy critical for precision/accuracy— 03<*°r (several decades)

¢ DBODC®RENO combination— first workshop by Autumn 2016

® rector®T2K®NOVA combination— hint towards dcp?

® world reactor flux knowledge: reactor-v high precision discovery tools...
® despite multi-detector configuration— non-negligible impact (open debate among experts)
® final contribution of d(flux) error? (single and multiple detector setups)
® sterile hypothesis interpretation is impacted: not quantified yet(—not easy!)
® unexpected behaviour in [4,6]MeV region

® all reactor-013 expriment consistent but inconsistent with Bugey3 (= 3% error?)

® other experiments!— not easy!! (large BG, energy resolution/containment, etc)
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mercl. ..
thank you...
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| O error projection (via R+5 analysis). ..

DC-II (n-Gd only): Far detector only

. . DC-II (n-Gd only): Near and far detectors
Gd-n analysis FD+ND prospect inputs
DC-III (n-Gd only): Far detector only

° ~ o (] (]
8(flux) 0.1% (prellmmarY) DC-1ll (n-Gd only): Near and far detectors

*iso-flux suppression dominated Range of potential n-Gd-based precision with near and far detectors

*d(detection)~0.2% (preliminary)
*a la Daya Bay / RENO

*d(BG)~ DC-IIl + R+S constraint
*@DC-IlI~0.3% (2 years data)

\

note: ; . A
b (@ NG2014) NG

«d(stat) not just 1/+/NFP (dominant)
eseveral effects NBG, NIND | etc

.
o
Il
™
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| -
O
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O
)
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O
- O
e
&)
O
O
X
LL

1 2 3 4 5 6 7 8
Total years of data-taking since April 2011

remarkable improvement of DC-Ill new analysis (wrt DC-II)

| o within [0.010,0.014] with 3years FD+ND: BG systematics dependent—

(rate+spectrum projection uses latest BG model fromDC-II)
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” DC goals @ proposal. ..

have been described in the White Paper, “A New Nuclear Reactor Neutrino Experiment to Measure
013”7 [6]. But since its publication the worldwide situation has changed and the projects still being
considered are Angra [7] in Brazil, Daya Bay [8] in China, Double Chooz in France (see |9, [10] and
this proposal), KASKA [11] in Japan and RENO [12] in South Korea. A recent comparison of the
capabilities of these experiments can be found in [13] [14]. Double Chooz is particularly attractive
because it could limit sin?(26;3) to 0.022-030 (for Am32, = 3.5—2.5x 1073 eV?), within an unrivaled

time scale and a modest cost. Installation of the experiment will start with the far detector located

Double Chooz performance is better than ever expected...
(despite the LONG wart for the ND)

stay tuned!
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