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Experimental Setup

JINST 13, P0O7009 / arXiv:1804.09052

Stefan Schoppmann

Absolute Rate Analysis
arxiv:2004.04075

Summary/Outlook

Oscillation Analysis
arxiv:1912.06582 / HEPdata.92323

Spectral Shape Analysis

3 MeV reactor antineutrino flux

Antineutrino Global Map 2015,
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Motivation
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« Improved reactor neutrino L
flux predictions:
» deficit in measured fluxes

3 Active Flavors
+ 1 Sterile

U ‘ _____ 3 Active Flavors

« One possible explanation:
- light sterile neutrinos

e Sterile neutrinos:
-» new oscillation channel
visible at small L/E
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Detector / Measurement Principle

« Target segmented in 6 cells Buffers
- 1800 1 of Gd-loaded liquid Veto and
scintillator PMTs
. Surrounding Gamma-Catcher to Target
convert escaping gammas (6 cells)
« 48 PMTs of 8 inch diameter G
« Layers of acrylic and oil as buffer c:??ﬁ;r
« Water Cherenkov veto on top
« About 90 tons of shielding material
- lead, polyethylene, B,C, iron
Inverse beta-decay (IBD): Delay due to:
_ arviole. e I - 4 g thermalisation of
E‘ E [mumetal externalcalll:ra:onsystem doublewalleddetectorvessell . E 1/6 _|_ p —_— e _I_ n neu-t ron befo re Cap-tu re
> 100} “ g +
F . %E time constant of the
0 & £ capture process
o3 g N
E § § E N prompt § 1
_50l— % "fmn,_— = -
4 i T~ = ~18 1S
S 13- P -
s . < delayed: ¢
~300 ~150 1 ob """"""""""""" )'%(%6 L] ca e’ n-Gd
cm S5
¥'Gd 8 MeV
‘* X(A,Z) =2
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Event Selection and Systematics



Dataset
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« Factor 2.9 increase in reactor-on dataset since Neutrino2018
« Data acquisition continuing further

 Better background understanding due to increased reactor-off dataset

« Cell-to-cell relative oscillation analysis:
- phase-I+II (179 days reactor-on / 235 days reactor-off)

« Absolute rate and spectral shape analysis:
- phase-II (119 days reactor-on / 211 days reactor-off)
- more stable dataset
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| | | | P t #142
Energy Calibration Barign:

« weekly calibrations with Mn-54
« reqgular data from various other isotopes and cosmic-induced neutron captures

« continuous spectrum from B-12
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P #1472
Energy Scale Model Sossion #3

arXiv:1912.06582 arXiv:1912.06582
- 00 ' | | —Target
%JE g 6 ;_ ....... . Ce" .1 . C&‘:" 2 ,.,..
S 5 A e S Z 4 p..|*Cell3 -Cell4] e
88 ~ . "Cell5 =Cell6] : e
0 55 o | 0+1% band L S
g S T S AT
—0.01 S e - | "L . ?
; ; Cell 4 _2 ey SHURIRES, SURIRRE ,,,,,,,,
0o il ] iourcesﬂatlo,;,_ s
om 412 ‘_ = '“B Ratio B .
o i . © | |E= Global Fit —6 : : : :
© - : : ; - - g N T I S S B R
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Reconstructed Energy [MeV]
« cell-to-cell uncorrelated deviations
always contained within a 1% deviation
i i ; : of a simple linear energy scale model

) 2 4 7012 14 |
° Remﬁs"uc?ed Enoergy [MeV]  reduced uncertainty at Target level

enters spectral shape analysis

« polynomials at different degrees as
well as general KDE approach with
Gaussian kernel fitted to all data
« following formalism of Phys. Lett. B
773, 307 (2017) / arXiv:1705.09434
QA
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Poster #142
Improved Gd Gamma-Cascade gt

« Improved model of gamma cascade after neutron capture
by Gd via dedicated nuclear simulation tool FIFRELIN

=1
m

« Useful especially for smaller detectors with less
containment of gammas and Cherenkov detectors

Theoretical
levels gathered
in energy bins

Initial state

1 T T I 1 |

[Ei,.],ni]
« FIFRELIN tool models deexcitation of Gd-nuclei using tﬁéfzz:z;erzW
all available experimental data plus nuclear (Ed,m) —— \ Theoretical
models (RIPL-3, CGCM, CTM, FGM) E.9m0) ) Gree oves
ﬂ—! _._u_......',,'_"l" EHH-'L
« FIFRELIN yields gammas of higher energy compared to (E,J,7T) Y ] Experimental
Geant4-based GLG4sim simulation s, Yay [ levels
- also including conversion electrons =X
% 0'4D: R R P A e w { T L o RS B S
— - i o v e ' - c E i Fa— E
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Improved Uncertainty

Clear improvement in description of
the tail between 3 and 7 MeV

At centre position (cell 4, 45cm)

- >50 discrepancy with GLG4sim

-» 1.60 agreement with FIFRELIN

- no indication for remaining systematic
effect between data and FIFRELIN

Also improvement at corner position
- Remaining effect due to neutron mobility

- corrected by map

Improved description of neutron efficiency

Cell 0, coreates correlated
1 0.0084 0.0041
2 0.0084 0.0015
3 0.0084 0.0013
4 0.0084 0.0013
5 0.0084 0.0015
6 0.0084 0.0040

More information:

Stefan Schoppmann

EPJ A 55, 183 / arXiv:1905.11967

Accurate Measurement of Electron Antineutrinos of U-235 Fissions from the STEREO Experiment

of Neutron Efficiency

EPJ A55, 183 (2019) / arXiv:1905.11967
%107 I
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http://doi.org/10.5281/zenodo.2653786
http://doi.org/10.1140/epja/i2019-12886-y
http://arxiv.org/abs/1905.11967

Event Selection

®
r'*\:‘- -
_-k-:_)\'\'prompt
»
Type # |Requirement for passing cut ' l?.\ *© o\'_o' 70 o ] %
Energy 111.625 MeV < ESELEE.T;? < 7.125 MeV . delayed 'a' :_=_*E=,_ s =t _i
2/4.5MeV < EJSects < 10MeV 860 T i e
Coincidence| 3|2 ps < ATprompt-delayed < 70 1S *‘\.(fj\_z;(‘;d ..g 50 Z"'_ : ?
4 AXprun‘lpt—dclaycd < 600 mm (5] C
Topology 5| EStompt < 1 MeV, neighbour cells 3 40 :_
6 E;'ﬁgn.lpt < 0.4MeV, not neighbour cells < -
Rejection 8| ATy onprompt > 100 ps C - Cell1 —Cell 4
of muon- 9 AT&?:;};;MM > 200 ps 20 F |aCell2 ~Cell5 |
induced 10| ATevent-prompt > 100 ps and F ~Cell3 =Cell6
for all events with Edetector — 1 5 MeV . | i | | | s |
¢ . bromot
11| e e < 0.5 0273 4 5 6 7 8

Reconstructed Energy [MeV]

« Cut-based approach selecting delayed coincidence (IBD pair search)
 Background rejection by event topology, isolation of IBD, and after-muon rejection

« Mean cut efficiency
» (61.4 = 0.9)%
- small energy dependence
-» edge cells (1 and 6) show only few percent smaller efficiency
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Neutrino Rate Extraction by PSD

- Accidental background measured with high
statistics by off-time method

- Background model measured in-situ from
reactor-off data

- simultaneous fit of reactor-on and
reactor-off spectra

- Neutrino rates extracted per cell
and energy bin using Gaussian function to
fit neutrino spectrum

 _ . corr,OFF acc,ON acc,ON
ONIJ;‘P = O, 1ip + f ip

+ G;(Af_.i:\ Hi i Grz?i)"

. corr, OFF acc,OFF ___acc,OFF
OFFI:‘:;P T n?’i,i;p + f NI’I,i;p !

- fit based on pulse shape of scintillator
pulses (PSD)

- electronic recoils have low Qtaﬂ/Qtot

tail/Qtot

- free normalisation parameter a . between

reactor-on and reactor-off spectra

- mainly driven by proton recoil
population

- also compensates the atmospheric

- proton recoils have large Q

™
|'I H'-.I __-e-recoil signal
A -
| \ p-recail signal
|I’ ':; .-'/ Ta = Tp
JI \H Qi Qeee (8) < Quait/Qroe (P)
| "'\-\._\_\_\_
f —

Cell 2 [3.625,4.125] MeV

B - ++ : —+— ON: 118 days
% 2 — +i*##+ 2 OFF - 211 days
-.c_U' E + : faoc.ON ONacc

o 1.51 $) bit- R e 12000FF pppace

+ ON-a mcurr.OFF_ fﬂ“-ON mac.c.ON
3 Fit model : GY(A, , 0%)

i

0 005 01 015 0.2 025 0.3 035 0.4

Q

tail

/ th

Mean 0.1221
Std Dev  0.7551

4
0 :_ I ,. . .-.-..-T .-E!.....-. _...._.'..--_é....'-.....‘...é....'__.:...':_
4

Residuals [0]

0 005 01 015 02 42024

pressure dependency .
Q._/Q Residuals [0]
tail tot
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Signal and Background Rates

- signal and background rates for
the electronic recoil population
defined via y-ray population by
Q,/Q <M + 20

tail
- 51gna1 over background of ~0.8

TUlellllellllellllzIII!III:_
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2 I |ED-1‘:andi‘datES 10 :_ ...... ................... i ....................... ................ -
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‘ | z E o
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Oscillation Analysis — Method

« Prediction independent comparison between cells and energy bins only taking
into account spectrum shape, no absolute rate information
« Each energy bin is normalised by a free parameter ¢; common to all cells
- causes analysis to be independent from the absolute rate in each energy bin
- decouples energy bins, comparison only along the six Target cells
- method is only sensitive to relative changes in the
expected rates M, ;(u,o,a) which are due to oscillations

Neells Vebins Neells Neells

2 D — ¢iM (.o, &)\ 3 Z : ajlermy 2 qEsealeC 2 o EscaleV 2
X = Z Z aj.i + O—NOVTHU + ,_-]—ESCEHeC + : ; G.EscaleLl
! i

/ /
/ /

M_,.__,-“_{_ . ({} = MI,I(H-_ O’] % (1 + ﬂ:}"u'armU + (ﬂ:EscaIeC 4+ ﬂEsca.l’eU] v, Sfjca.fe[“]]

« Systematic effects parameterised by nuisance parameters o

Type Relat. uncert.
Normalisation (uncorrelated)
Cell volume 0.83%

Neutron efficiency correction [0.84 %
Energy scale (uncorrelated)

Mn anchor point 0.2%
Cell-to-cell deviations 1.0%
Energy scale (correlated)

Time stability 0.3%

« Complementary analysis by including all systematic effects into global
covariance matrix gives consistent results
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Poster #78

Oscillation Analysis — Results Session #3
== —— Data Phase-Il
6F — No-Oscillation Modelx i — 10 :
p ~ l
2 o — _T::_'”-?ﬁ( 2
n — ) > —
g4 ' ; £ e
FXJ 1 i <‘.'_'| — ___d_g*—>\
S .| ~r =0 e "
Z0et 1 e
S b \
S 1k —— RAA95% C.L. O
3] a — - RAA99%C.L. —
8 06 3 * RAA Bestfit
S1.4F L
% 1 3 S- Ex(E:u?s?o?ﬁ gensitivtity: 95}";& C.L. \\\.
% - 10_1 1 Exclusion: 95% C.L. \ \,\
(] 06 -1 0 -2 1 0 -1 1
Sin%(26.e)

Reconstructed Energy [MeV]

No-oscillation hypothesis (p-value = 0.09) not rejected

Pull terms show no tension beyond 1 standard deviation
Exclusion contour rendered from two-dimensional method
Non-standard Ax? distributions from MC pseudo-experiments used
Best-fit point of RAA rejected at more than 99.9% C.L.

more information: arXiv:1912.06582 / HEPdata.92323
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P #104
Absolute Rate — Results e

Quantity Symbol  Value Uncert. /% R L L o B 1B L DL DL DL
Number of v/fission NZFFMEY 1 846 2.40 . ===+ model uncertainty
Huber prediction 1.722 2.40 Nucifer — e i 1.014 +0.108
\ A , - 7.2m N
Correction factors 1.072 0.10 L ; :
Number of fissions/day 1.30 - 10°° 1.44 B8 m & J 0.792 £0.072
Thermal power (Pen) 49.2 MW 1.44 SRP-I i B o«
. . . o I 0.941 £+ 0.026 -
Energy /fission (Ef) 203.4 MeV 0.13 18.2m 5 : 9 0.0 = %
Fract. of interacting v Tint 81010 0.56 ESBFz{aPn;” O 1.006 +0.029 = E
Solid angle 0.50 Krasnovarsk-87 L < g
IBD cross-section TIBD 0.22 33.0 m y —k : 1 0.925 +0.046 % E
MC statistics 0.12 Krasnoyarsk-99 N w =
. - Data 8T - 34.0 m '—i—': : 0.946 +0.028 T S
Correc. of p-number Cp 0.983 1.00 Krasnovarek-94 ; i 2 E
Detection efficiency €d 0.2049 0.54 579 m y '—.l"—| 0.936 +0.039 E
Selection cuts 0.41 Krasnoyarsk-87 : ) S
Energy Scale 0.30 52.3 m * ' 0.942 0192 Ey
MC statistics 0.19 STEREO ' i G
. - . Data /MO - — 84-11.2m ' * ! 0.948 +0.024
Correc. of delayed effi. ¢, 0.9774 0.86 . ; i
A ane (Rure =21 : '
Predicted IBD yield 3837d 7 210240 New average (pure ““U) - 0.950 +0.013
Observed IBD yield 3638d° " 0.88® 1.06 DB+RENQ (L), no osc) o 0.923 +0.015
Statistics 0.88 '
v CXtra’C' nlCthOd {]'65 | | | | | | | ] | | ] ] 1 | | |i. -y j - | | | ] | | | |
Reactor-induced bkg. 0.83 7 1 1.1 1.2 1 1.4
Off-time method 0.14 0.6 0. 0.8 0.9 ' ' -3 )

Hﬂbsemed J,r HPredlcted

Dedicated study for an accurate rate prediction carried out

Observed rate of (364 = 3 [stat.] + 4 [sys.]) v/day compared to predicted rate
Achieved a good control of the uncertainties

- reactor power, neutron detection efficiency, proton number

Among the leading measurements of the neutrino flux from pure *°U nuclear fuel

In agreement with world average, improvement from (0.950+0.015) to (0.950+0.013)
more information: arXiv.2004.04075
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New ] Spectral Shape — Unfolding Method

most relevant source of uncertainty: statistics

unfolding of data spectrum D, into neutrino

W
o

Poster #140
Session #1

Uncertainty summary

—— Energy scale
—— Flux correctlons

2 Uk

= [ |—— staterror (phase Il) |
o - | —— Reactor background

= |

® o[ |—— TimeEvolution | .o \“aN ______________________
= B Selectlon cuts m

energy spectrum ¢j via response matrix Ru

xz(a.cp’)=Z(”"‘Zfﬂ"ff:“”’f(“3‘)2+ Y (&) + e a@)

g
SESYSL

Regularisation term mitigates unfolding of
statistical fluctuations

ﬁ(E) = Xi (h - %)2

0
q-’l'—l i

Prompt energy [MeV]

Using Huber's ?*U spectrum as prior ¢°

Regularisation strength r chosen a-priori by requiring negligible prior-dependence

Independent validation by covariance matrix approach yields same results and
regularisation strength
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[ New ] Spectral Shape — Result

Antineutrino Energy Space

Prompt Energy Space

—— HM pure Us
—— SM pure U5
—s— STEREO phase-ll

—— HM + corrections
—— SM + corrections
—s— STEREO phase-ll

Event rate [v/day]
&
Event rate [viday]

III|I||II Ill[f[I|I[I1|TI11[I11

% 1 2 ; : : ....I......I.....!......I.....j.....l.....l. ; .I._.t. %
o o
. (VO
IV
(11 T R TOR R ?fe. .............................................................................................. +
i 107 E
3 E
210 |{ — 250 keV bin émr? —— 250 keV bin
3 —— 1 MeV window % 3 —— 1 MeV window 3
10° =4 3 7 5 B 7 10° 3 35 3 75 5 55 3 6.5 7
Prompt energy [MeV] Antineutrine energy [MeV]
- first spectrum in unfolded energy space achieved
-» indication for spectral distortion by fitting a free Gaussian function
(including a free normalisation factor for the entire spectrum)
; . + o
Amplitude: (10.1x2.9)% orompt space
Mean: ( 4.8+%0.2)MeV HM — Huber Model: PRC 84, 024617 (2011)
SM — Summation Model: PRL 123, 022502 (2019)
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Summary/Outlook
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Summary/Outlook

data taking phase-I+II completed (65k neutrinos)

improved background description by in-situ
measurements during reactor-off periods and
pulse shape discrimination

improved description of gamma-cascade after
neutron capture by gadolinium
- EPJA 55, 183 / arXiv:1905.11967 / Zenodo.2653786

large fraction of RAA parameter-space excluded
RAA best-fit point rejected at >99.9% C.L.
- arXiv:1912.06582 / HEPdata.92323

rate deficit consistent with RAA found
result among the world leading measurements
for pure #°U reactors

- arxiv:2004.04075

10!
S
Q
= 1
Nt
e
<

101

first spectral shape in unfolded energy space
achieved

spectral distortion of ~10% between

4.0 and 5.5 MeV (prompt space) found
publication under preparation

further data taking until end of 2020:
-» final dataset of >300 days expected
-» factor ~2 increase with respect to Neutrino2020

joint analysis with PROSPECT and Daya Bay underway
(poster #556)

e RAA 95% C.L.
— = RAA99% C.L.
*  RAA: Best-fit

STEREO:

3 Expected Sensitivity (300 days reactor-on): 90% C.L. d
[ Expected Sensitivity (300 days reactor-on): 95% C.L. \

I #f
— !
I 7. |
\ /‘(\> // 7
: k:- " :"h ~
="
NS
(
a
\

10-1
Sin%(26..)
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