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-> Double Chooz Near+Far results

-> First ND measurement of MCSpF (world-best to date)

-> Spectral-bump-discussion
distortion

-> Reactor Monitoring
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Data-MC fit including Bugey 4 normalization



FD Data ND Data

No oscillation No oscillation

Best fit on sin®26,, = 0.105 + 0.014

3 = Best fit on sin®20,, = 0.105 + 0.014

Single Detector Uncertainty Single Detector Uncertainty
Multi Detector Uncertainty

Uncertainty s the square root of the covariance matrix disgonal terms

Multi Detector Uncertainty

Uncertainty is the square rool of the covariance matrix diagonal terms

Double Chooz IV |
- Near (258 live-days)

Double Chooz IV
- Far (818 live-days)

Observation / No-oscillation prediction
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Visible Energy (MeV) Visible Energy (MeV)

S arXiv:
sin°28,; = 0.105 = 0.014 (stat.+syst.) .1901.09445

Data-MC fit including Bugey 4 normalization



—4— FD/ND Data

-------------- No oscillation

Best fit on sin’20,, = 0.105 + 0.014

- Multi Detector Uncertainty
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Do Ie C 0z IV
ar (81 8 days) + Near (258 days)

4 5 6 i
Visible Energy (MeV)

Data-MC fit including Bugey 4 normalization

arXiv i
sin°28,; = 0.105 = 0.014 (stat.+syst.) 1901.00445 /

Multi detector fit robust against spectral distortio



Far
< L = 1050m
~100ve/ day
300 m.w.e
2011

_Near detector || |
Far detectar

Near
< L > 400m

2 reactors e | ~800 ve/ day
y - ' 120 m.w.e.

2 X 4.25GWy Loy & 2015
~ 10%'ve/ s

systematics

Ve Disappearance between Near and Far detectors - 6, .




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”)




5| [ | | and .only” two reactors

JJotal n-Capture™ (ThC) improves statistics factor 2.5!
(captures on Gd+H+C -> leak immune!)
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Cumulative rejection per cut

Entries per 0.1 MeV

Visible Energy (MeV)

Average Efficiency ~85%
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-> Good data/MC agreement
for IBD candidates
-> Efficient background

Relative Fraction

supression with cuts/vetoes T

1BD efficiency and C
background rejection



—%— FD Data

No-oscillatted MC

Fast Netzltrons
~ 90k BBSHE
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10 15
Visible Energy (MeV)

Events / 0.25 MeV
Events / 0.25 MeV

SVALEVASD.
IBD candidates 112

No-oscillatted MC

| Double Chooz IV: Near (258 live-days)
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I
10 15 20
Visible Energy (MeV)

Ev./day ND

Cosmogenic BG (°Li) 2.62 £0.27

Fast n 2.50 + 0.05

14.52 + 1.48 | S /5} 1 0

20.85 £ 0.31

Accidental BG 4.13 + 0.02

3.11+0.01
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Total ~25 days* (=17 for ND) L, —— s 1

Delayed Visible Energy (MeV)

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

OFF-OFF | (2012) 8.9+1.2 = :
Backgroun

understanding

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

All numbers within 10
e
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Total Uncertainty

Double Chooz 1V Statistical Uncertlhintf
<~20‘ > TnC MD (n-H®n-C®n-Gd) sin2(2813)=0.105i0.014? , -— :

(systematics!) > PRL121,241805(2018) n-Gd H isin2(§29 )=0.086§_H}.003

PRD 93,072011 (2016) pn-H 1sin’(26,,)=0.07130.011

RENO

PRL 121,201801(2018) n-Gd |-|—o|-|-| sfinz(zem)=0io9oro.oo7

T2K EIE JEECE.
PRD 96, 092006 (2017) Marginalisation (0.,0;,)

2

2
Amj, < 0

0.05

Intl. Reactor-0,, Workshops: Combined (DC/DYB/RENO) effort to understand systematics
12




(INTERNAL VAL(PATION OF ©,,

i Total Uncertainty
Multi-Detector (MD) Statistical Uncertainty

DC-IV Rate+Shape (TnC)
Rate Only

Shape Only

ND®FD-I (Rate+Shape)
ND®FD-II (Rate+Shape)

Free AmZ, (Rate+Shape)

Data-to-Data (Rate+Shape)
RRM (Rate Only)

Single-Detector (SD)

shape
)

Rate+Shape (Bugey4®4xc
shape
)

Rate+Shape (Bugey4®@1xc
DC-III Rate+Shape (Gd-n)
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UTRINOG PROPUCTION / PETECTION.

eN, P (t - ; o
NP (t)= L x ih( )>< < Gf> Mean cross sec':’tson per fission
47l < Ef> (Near detector!)

_ +, x -——— Emitted spectrum
V +p2e +n. p
e =t .-"1__

Cross-section

—— Detected spectrum
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Double Chooz IV (ND)
TnC (n-H®n-C®n-Gd)

Bugey4
Phys.Lett.B338,383(1994) 3He

Daya Bay
CPC 41.1.013002(2017) n-Gd

2017 World Average
CPC 41.1.013002(2017)

Statistical Un'cerfainiy: '
Experimental Uncertainty
Total Uncertamty '

<G,> = (5. 7.1 +0). bﬁ)xlo 3 em?/fission
3:: . * . §

<0,> = (5.735 . - 0.@)8)>< 1?0'43cm2/ﬁssion

<G> == (5.9‘;1 % 0.:12)><120'43cm2/fissi0n
- ———y

(injcludées Bug:ey4 & Daya Bay)
o 5 —i

Reactor Model Uncertamty (=2 3%)

0S5E 09 095 1

Data to Prediction Ratio

DC ND Fission Fraction
(2 reactors weighted)

235U -> 0.520
238U -> 0.087
239Py -> 0.333

241Py -> 0.060
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r Predictio Méodl1 Uncertainty
e P s e RENO2016(MdI§dA ..... 931} ..... ......................... R RLLEE CLTPETEEPPREEPPPPEREEPPS .,_
ENE092016 (Mo dfl d Average R = 1)
Daya Bay 2016

: Double Chooz w ND
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Good agreement to first order
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Multi-Detector (MD)

DC-IV Rate+Shape (TnC)
Rate Only

Shape Only

ND®FD-I (Rate+Shape)
ND®FD-II (Rate+Shape)

Free AmZ, (Rate+Shape)

Data-to-Data (Rate+Shape)
RRM (Rate Only)

Single-Detector (SD)

shape
)

Rate+Shape (Bugey4®4xc
Rate+Shape (Bugey4®1xc5$hape)
DC-III Rate+Shape (Gd-n)

Total Uncertainty
Statistical Uncertainty




FLUX ERROR BUPGET & 5INGLE PETECTOR 6,

0.10— ; : | —  FD ® Bugey4 @ Model Shape Uncertainty Increase | 30

: — Ay? for FD @ Bugey4 ® Model Shape Unc. Increase

A(sin®26_,) [Fit - True]

. Double Chooz IV 5 :
S 1 i Il 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1

0.05 1 5 3 ) 0
Reactor Model Uncertainty Increase Factor




FLUX ERROR

0.10

-0.05

FD @ Bugey4 @ Model Shape Uncertainty Increase |

Ay? for FD @ Bugey4 ® Model Shape Unc. Increase

i Double Chooz IV

.
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1

Single-Detector
Rate+Shape (B4 ® 4xc™™)
Rate+Shape (B4 @ Ixc™™)

DC-III Rate+Shape (Gd-n)
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Reactor Model Uncertainty Increase Factor

.PUPGET & SINGLE PETECTOR 6,5

30

20

2KV
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FLUX ERROR BUPGET & 5INGLE PETECTOR 6,

0.10— ; : | —  FD ® Bugey4 @ Model Shape Uncertainty Increase | 30

Ay? for FD @ Bugey4 ® Model Shape Unc. Increase

0.05

A(sin®26_,) [Fit - True]

------- \

IIII|IIII|IIII

. Double Chooz IV 5 :
S 1 i Il 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1

0.05 1 5 3 ) 0
Reactor Model Uncertainty Increase Factor

v° (x1 -> x4 error) w/ Data:
FD+B4 = 105 -> 53 ( 74 Dof)

-> Distortion causes x° to blow up

23.



FLUX ERROR PUPGET & 5(NGLE PETECTOR 6,,

0.10

0.05

A(sin®26_,) [Fit - True]

-0.05

-> Distortion causes x° to blow up
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FD @ Bugey4 @ Model Shape Uncertainty Increase |

FD ©® ND ® Model Shape Uncertainty Increase
Ay? for FD @ Bugey4 ® Model Shape Unc. Increase
Ay? for FD © ND ® Model Shape Unc. Increase

B Double Chooz IV
: i : : : : i i i
1 2 3 )

Reactor Model Uncertainty Increase Factor

v° (x1 -> x4 error) w/ Date:
FD+B4 = 105 -> 53 ( 74 DoF)

30

20

FD+ND = 182 -> 93 (112 DoF)
2%




FLUX ERROR PUPGET & 5(NGLE PETECTOR 6,,

0.10 ! FD ® Bugey4 ©® Model Shape Uncertainty Increase 30
: ;’.‘ FD @ ND © Model Shape Uncertainty Increase :
B L%, e Ay? for FD @ Bugey4 ® Model Shape Unc. Increase | |
rmy a %, sessnnnnnns Ay for FD ® ND ® Model Shape Unc. Increase i
E e - Statistical Uncertainty 20
L =5 ’0 —
gi" it i
= T R —10
Z S TN *Hﬂﬂﬁﬁmm =
i . Double Chooz IV : 5 : B
—0.05— i : ' : : 1 ‘ : : . L : : : : L 0

1

2 3 4
Reactor Model Uncertainty Increase Factor

v° (x1 -> x4 error) w/ Date:
FD+B4 = 105 -> 53 ( 74 DoF)

FD+ND = 182 -> 93 (112 DoF)
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-> Distortion causes x° to blow up

-> Corroborated with Data




{NSHORT...

FD Data

No oscillation

Best fit on sin®20,, = 0.105 + 0.014
Single Detector Uncertainty

Multi Detector Uncertainty

Uncertainty Is the square root of the covariance matrix diagonal terms

Doubleé Chooz IV
Far (818 live-days)
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-> Prediction uncertainty should be increased if Near Detector not available

Z6.



REACTOR MONITORING
WITHNEAR PETECTOR
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Far IBD candidates Rate [day'] Near IBD candidates Rate [day™]
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1060 1080
Days Since Data Taking Start

28.



Events / 0.25 MeV

FDIl Reactor-Off Data

[ T T ! T 1

T [ 1T | LI I 1T ’ LI I 1T ] LI

FD Reaclor Oﬂ Dala
Fast-n

Li9
sk Accidentals
Residual v

D?ouble ’ChOoz?

Events / 0.25 MeV

ND Reactor-Off Data
Fast-n
Li9

454 Accidentals

Residual v

Double Chooz
Prehmmay .

Rate (day™')

IBD Candidates

112

Breakdown
Accidental
Fast-Neutron
9Li Isotope

[u-tag]
Stopped-u
Others (**B, BiPo)

4.13 +0.02
2.50 £ 0.05
2.62 +0.27
3.01 + 0.60
<0.19 @98%CL
<0.01

3.110 = 0.004
20.85 £ 0.31
14.52 +1.48
12.32 4 2:01
<0.21 @98%CL
0.04 £ 0.01

Total
Y-Exclusive
Inclusive (17 days)

9.3+0.3
9.8 10.9

38.5£1.5
39.6 = 2.5

11.0

20.2

Signal to BG

SRR B T N (e |3

E,i, (MeV)

-> Validation of BKGs rates & shapes
-> October 2017 doata




Double Chooz Preliminary Double Chooz Preliminary

Off-Off data (background subtracted)
Off-Off data (background subtracted)
from 0 to 3 hours after switch Off
Prediction (Area normalized)

Work in progress from 3 to 6 hours after switch Off
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-> Remaining IBD spectrum & -> Remaining 1BD, after reactor-off,

preliminary simulation time evolution
-> Simulation: FISPACT code and
BESTIOLE database

-> New simulation under development i
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Double Chooz IV - PRELIMINARY

Begin of reactor End of reactor

off period off period
i 1 day

| |
| |
Period displayed

—— |BD candidates per day
Reactor power [MW/h]
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|
10

12

Energy (MeV)
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-> Each point: 24 hours mean value
-> Background subtracted I1BD sample
-> October 2017 data




(BP CANPIPATES V5 THERMAL POWER.

Double Chooz Preliminary
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Number of IBD

-> At what resolution can we measure the reactor thermal power with 1BDs?
-> August 2017 data

-> Analysis under review
33



-> Three Years of Double Chooz 2 detectors data: 2015 - 2017
-> Novel IBD detection : Total Neutron Capture

- Improved statistics & systematics

-> Good background control (S/8 > 10) -> Confirmed background model

with Reactor-off Data!

-> New result: .s'in22613 =0.105+0.014 (w/ 15 months of data)

-> Single Detector Fit protected with a new Flux error budget
-> Spectral bump distortion: A rate+shape inspection
-> Best MCSpF measurement to date: (5.71 = 0.06) x 107 cm?/fission

-> siN°20,, sensitivity improvement: extra data and better proton number
measurement under consideration -> ~< 0.01

34
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-> Optical and chemical stability
of Gd-scintillator (7 years)

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

Far detector Gd-fraction
-] -]

2011 2012 2013 2014 2015 2016 2017 2018
Operation time (years)

FD - Energy Resolution (n-Gd)
4.5

FD-I + DAQ upgrade FD-II S urmmo
t + '|'+‘|'+-|-.|_i_+-|-+++++-|-++++ I +++ ++ '| _|'h‘
T

o/ @ 7.9 MeV (%)

J[.I-hll ;u..:ili +H+ +{++H+ +++ L # il

2011 2012

ND - Energy Resolution (n-Gd)
4.5

SPALLATIO
NEUTRINO
M

il 1!‘.!& ibaedai ki

o/ @ 7.9 MeV (%)

2017
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FD-I DATA

DIDATA . VERY GOOD NEAR - FAR
~ F AGREEMENT

Prompt Fission *°Cf @ NT center

*I...'.q‘**t*'f*'.'*...***

k-

FAR DETECTOR

NEAR DETECTOR

o

55.91/47
po -0.1848 +0.2990
p1 0.003752 + 0.043403

L
-I-+ #++1._++ ' +1' l 1-rT++ ;

%2 / ndf

—=— ¢ decay of 2'?Po (1 MeV)

—— n-H capture (2.2 MeV) FAR DETECTOR

—e— n-Gd capture (8 MeV)

Asymmetry %

Relative energy scale

8 ]:0
Visible Energy (MeV)

50 200 250 :
Elapsed days since Jan 1 2015 NO Neaf" tO" Fat’ S'Ope!

o = 0.04




DC Sensitivity
ﬂ 0.025 T T T T . T T T T . T T T T T T T T |

m— DC-IV

+ extra FDI data

16 sin?20

| — + "Projected” Det.Syst.

+ Rxtr.Syst. Limit Case

0.015

0.010

0.005

| | | | | | | | | J_ | | |
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(=]
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Time since MD data-taking start (year

w
S

-> Double Chooz final sensitivity: 0.009~0.010 !




	Christian Buck Max-Planck-Institut für Kernphysik, Heidelberg on behalf of the Double Chooz Collaboration
	Slide 2
	page3 (1)
	page3 (2)
	page3 (3)
	Slide 6
	Slide 7
	Slide 8
	Background reduction
	Slide 10
	Both reactors off data
	Slide 12
	page11 (2)
	Slide 14
	Neutrino production / detection
	Data to prediction ratios
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	page14 (1)
	page14 (2)
	page14 (3)
	page14 (4)
	page14 (5)
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39

