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StAaTUS ON NEUTRINO OSCILLATION KNOWLEDGE

PMNS Matrix
« Standard Model (3 families) Ve gel gez geB ¢!
v, | = v
* PMNS, ;(0,,,0,,,0,;+ 1 8¢cp phase) a0 i g g 2
Vr Urr Uz U/ \V3
 Two independent square mass
differences +Am?2, §m? _Flavour ~ Mass
eigenstates eigenstates
(creation/detection) (propagation)
Experiment NuUFIT 5.0
SNO+SK 2 3% Must measure all parameters with high precision
NOVA 2.1% l

Reactor exp

Characterise & test (i.e. over-constrain) Standard Model
KamLAND 2.8%

T2K+DYB 1.1%

unknown NO ~3o 0,5 CANNOT BE MEASURED BY OTHERS THAN REACTOR
unknown  Favored ~3o EXPERIMENTS |




STATUS OF 043

Total Uncertainty ! :
Double Chooz Statistical U melhmt\

Nature Physics (2020) TnC | sin’ 26,,)=0.105:0.014; |—[—o—|—}
PRELIMINARY Nu2020 TnC I sin” (2613_)—0.102_0.01’l—l—-o—l—' THIS TALK

" NEUTRINO
I

Daya Bay L . VA

PRL 121 241805 (2018) n-Gd H‘H sin t2n )= 0086 +0.003
PRD 93 072011 (2016) n-H F——A ;mmﬂ }-0071 0.011

RENO

PRL 121 201801 (2018) n-Gd H—e—H | sin’(20,,)=0.090:0.007

JHEP 04029 20200  p-H ——e——— sin’{20,)=0.086:0.016
T2K

PRD 96, 092006 (2017) Marginalisation (5 p.0,,)

AmZ, > 0
Am::f2 <0

Reactor-6,,; experiments
Double Chooz @ Daya Bay @ RENO

CHALLENGES:

Statistics: ~10° (far) [<108]
Systematics: order of 0.1% (each)

* Detection
e Flux
- BG
* Energy control: <1% precision



THE DouBLE CHOOZ SITE

NEAR DETECTOR FAR DETECTOR V. disappearance is directly related with 043
L=400m 120 m.w.e L=1050 m 300 m.w.e P(Ve = V,)
~ 800 v/day ~ 100 v/day

, [1.27Am%3(eV*)L(m)
(Dec 2014 — Dec 2017) % (Apr|I2011 Dec 2017) o
< Garr =~ g K iy : E

E,(MeV)
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NEAR DETECTOR
FAR DETECTOR

L/E (km/MeV)

Antineutrinos are produced in nuclear
reactors by the 3-decay of the fission

CNPE Chooz |t | ’ products:
2 X4.27 GWu By 235(; 238(; 239p

enF 102" v/s

u, 241py




INVERSE 3 DECAY

Ve+tp—on+et

Emitted spectrum

* Prompt signal

Energy losses + et anihilation
E(prompt)~ E(V,) - 0.8 MeV

Cross-section

Detected spectrum

* Delayed signal
Neutron capture on Gadolinium
(Gd), emission of 8 MeV y rays

=
£
=
=
Py
m
|
=
L
—
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* Alternatively, n-capture on
Hydrogen (H) (~2.2 MeV)

X
\ 4

8 MeV

~ 200 ps



THE DouBLE CHOOz DETECTORS
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New Darta

Nature Physics Data Set  4===p==p Extra set included in this talk
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DT -
MOTIVATION FOR THE TNC TECHNIQUE ¢ ce2

Statistics is limiting factor in the sensitivity of 6,5

* Major increase of the detection volume

— Increase of signal statistics by more than a factor of 2.5 (Gd-only)
Delayed energy window

Small Gd-target (8.3 1) Gd+H+C-target (~30 1) maximally open

NEAR DETECTOR - IBD n-captures (Edelayed)

— raw charge

Gd capture

event
H capture ¢

event

8 10
Energy (MeV)

4 LAYERS DETECTOR STRUCTURE — 3 LAYERS DETECTOR STRUCTURE
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BETTER CONSTRAINT OF COSMOGENIC BG

—4— ND Data ! j —$— FD Data
No-oscillatted MC | No-oscillatted MC

-2225] Accidentals 3 Accidentals

] °L i | 1°Li

| [ ] Fast Neutrons : ' ; - [ ] Fast Neutrons

Double Chooz Prellmmary Double Chooz Prellmmary

Near (587 live- days) Far (1 275 Iwe-days)

| JIIHlJ
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V|S|ble Energy (IVIeV) Visible Energy (MeV)

9Li Rate uncertainty 7% * Help to further constraint the FN rate
Fast-neutron Rate uncertainty 1%

 Data driven spectra e
Accidental Rate uncertainty < 1% P ( )




ReEacTors OFF pata

11

DIRECT MEASUREMENT OF THE BACKGROUNDS

Background understanding

Good agreement, all numbers within 1o
OFF-OFF (2012) 8.9 1.2

OFF-OFF (2017) 9.8 £ 0.9 39.6 = 2.5
BG estimated (fit) 9.3 0.3 38.5*x 15 Acc + FN + Li®

—+— ND Data ND Data

' ::::::::;ed " - ; | Accidentals * ~7 dCIYS of 2-Off data (Only FD Workmg)

: 9 .
Li i : Li

Fast Neutrons » | ~23 days of 2-Off data (FD & ND)

Double CEooz l
~ Preliminarty

[:] Fast Neutrons

Double Chooz
Preliminary

Events / 0.25 MeV
Events / 0.25 MeV

SHAPE INFO USED FOR FIRST TIME IN
THE RATE+SHAPE 0,3 FIT

REACTORS?‘OFF

* New Reactor-off Data gives extra

' i T2 10 15 constrains on BG above 3 MeV
Visible Energy (MeV) Visible Energy (MeV)



s
MAJTOR CANCELLATION OF REACTOR FLUX G

Single-Detector Multi-Detector
(SD) phase (MD) phase

reactor B2

o

/'/
Soa =e T Y i

ISOFLUX CONFIGURATION

= = . « Relative contribution by each reactor to the
( \ ir | total detected v, flux is almost the same for

both detectors. The ND becomes an
effective monitor of the FD.

* Reactor flux error highly suppressed with
multi-detectors



— g ==
PosITRON ENERGY MODEL i

* More Data allowed:
- Better understanding of detector stability & uniformity

* Deticated calibration campaigns allowed:
- Extra constrain of light & charge non-linearities

* Energy controlled ~0.5% in 8,5 region

MC Energy Correction vs. Visible Energy Energy Scale Uncenrtainty

Double Chooz Preliminary

= DC-IV
— DC-V THis TAaLK
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013 RATE+SHAPE OSCILLATION FIT

FD Data 125k IBDjs
S/BG > 12

—— NDData 412k IBDs
5/BG > 28
[1 8.5] MeV

No oscillation No oscillation

Best fit on sinzze13 =0.102 +0.012

I:l Total Systematics

Best fit on s;inzza13 =0.102 +0.012

|:| Total Systematics

Observation / No-oscillation prediction

Far (1276 Ilve-days)

4
Visible Energy (MeV) Visible Energy (MeV)

sin?(20,3) = 0.102 +0.012
sin?(20;3) = 0.102 4 0.011 (syst) &+ 0.004 (stat)

(stable result also for Rate or Shape only analysis)

QUEL:

14

—+— FD / ND Data

No oscillation

Best fit on sin22313 =0.102 £ 0.012

l:l Total Systematics

Far / Near

- ble Chooz Prellmlnary
Far (1276 days) : + Near (587 days)

4 5
Visible Energy (MeV)

Inter-detector ratio
(reactor model cancellation)



SYSTEMATICS BREAKDOWN

Glls DC-IV [Nature Physics
0.012 DC-V PRELIMINARY| THis TaLk

0.0p8|
23% | 0.0073-.12%
0.008 2 0.0p64 (-8%

0,0062+5 80.0064 T T

g0.0044
—— 18 1-28% | 0.0018-.50% | 0.0018 (2%
~U.L/ ¢
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MEAN CROSS—SECTION PER FISSION

Statistical uncerfainty
Experimental ungertainty
Total uncertainty

(6) = (5.71 £ 0.08) 10:*® cm? per fission

R(ND)=0.925%0.002(stat)=0.010(exp)£0.023(model)

DC IV (ND)
TnC (n—H + n—-C + n—Gd)

Bugey4 (o7) = (5.75 4 0.0E%) 10‘;‘43 cm? per fission
Phys. Lett. B 338, 383 (1994) °*He SR

Daya bay (o) = (5.91 i 0.12) 10i* cniwz per fission

CPC 41.1.013002 (2017) n-Gd TP S R

2017 world average

(élncluides Buégeyélé& Daya bay)
CPC 41.1.013002 (2017) § ' : :

e e .
Reactor r;nodeil unce:'taintg/ (~2.3%)

0.90 0.95
Data-to-prediction ratio

(*) Results before Neutrino 2018

NP (1) o e& Pt% (a )
Y L% (Epr /'R

Best Integral Flux Measurement to Date

EXCELLENT AGREEMENT WITH BUGEYHY AND
Davya Bay

DC ND Fission fraction
(2 reactors weighted)

235U - 0.520
238 - 0.087
239Pu— 0.333
241Py— 0.060



U
PRrosPECTS AND CONCLUSIONS ¢ ce2

« Exfra statistics — Better bkg constraint, detection systematics, flux cancellation and stability
* Reactor off — Better bkg constraint

* Improved energy systematics
« New result: sin%(20,3) = 0.102 + 0.012 (w/ full two detectors data)

L e L N R A B AL : i .
Possible Range of Improvement of 6, based on Detector dismantling underway. Goal:
a better GC proton number

Proton Number Uncertainty Reduction of Gamma Catcher
measurement

e Still room for sin?(20,3) improvement
(10 <0.01)

Double Chooz Preliminary

T BT B
0.5 0.6
Proton Number Uncertainty (%)
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