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STEREQ EXPERIMENT
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— sterile neutrino hypothesis
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STEREQ DETECTOR

Acylic buffers

e 22x1.5x0.9 m?3 Mineral oil
1 Gd—B—diketonate |IqUId TK}” > Acrylic wall

scintillator = good response 2 ke f""’f’"ﬁz‘ 2 mm,thick

1.5 ' S5 — SR e
Gamma-Catcher — ‘ il s
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scintillator (without Gd) :
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Interaction via :
Inverse Beta Decay IBD @

U.+p—et+n

h >

STER detector with shielding

10TH OCTOBER

1. Prompt Event
positron annihilation

Episo+ ~ By, —0.8MeV

—-— emitted spectrum
——— IBD cross section

arbitrary units

E, [MeV]

2. Delayed Event
neutron capture

¢ Gd nuclei
> E,;~8MeV

e H nuclei
E, ~22MeV
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e | oss of optical coupling between PMTs
and target for one target and on GC cell

e Evolving light cross-talks between cells
— repaired during summer 2017

Phase Il:
e Stable conditions ~ 95% of data taking

time

2018
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DETECTOR RESPONSE: LIGHT CROSS-TALKS

Evolution of the light cross-talk between cells

estimated by muon events in neutrino runs
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extensive circulation of radioactive sources |
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DETECTOR RESPONSE: ENERGY RECONSTRUCTION
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BACKGROUND IN STEREOQ

* neutrons
* gamma radiation
from n-capture

A

e Thorium/Uranium e spallation neutrons
(concrete) (in shielding)
e Radon/Argon (air) ® stopping muons

EReactor OFF




SHIELDING IN STEREO

* neutrons e Thorium/Uranium e spallation neutrons
« gamma radiation (concrete) (in shielding)
from n-capture e Radon/Argon (air) ® stopping muons
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SHIELDING IN STEREO

* neutrons e Thorium/Uranium e spallation neutrons
* gamma radiation (concrete) (in shielding)
from n-capture e Radon/Argon (air) e stopping muons

water pool, active veto
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ANTINEUTRINO SELECTION AND CORRELATED BACKGROUND

IBD coincidence selection Ve + D e—I— +n Prompt:
L 1.6 < Eprompt < 7.1 Mev
AT < 70us n capture e Prompt contained in a target cell
AL < 600 . . .
et e e and its 4 neighboring cells
[\ /\ space-time correlation
t
prompt delayed Delayed:
E clean before clean after = * 4.5 < Edelayed < 10 MeV
100pus 100ps

Cosmic rejection:
. : Veto 100us after each
detected muon

Isolation cut of 100ps
after and before prompt
. : Cut high
asymmetry of the light collection in
the vertex cell

Accidental pair: estimated with
shifted time windows for the delayed
search

----------------------------------------------------

. Pulse shape discrimination for

prompt signal: background
estimation for neutron induced
reactions

----------------------------------------------------




Pulse shape discrimination (PSD)

i L S
e-recoil signal d
\_.
©
p-recoil signal e/

T < Tp
QtaiI/Qtot (e) < QtaiI/Qtot (p)
0.05

2 3 4 5 6 7 8
Reconstructed detector energy [ MeV ]

allow us to distinguish background S auf
. . . =] -
events (neutron induced reactions) with % 2";
m f—
real positron interactions £ 25| Temperatre
& 22 E
21.5 E—. ......
But PSD follows temperature changes .k s | |
. = = i @
® seasons and when reactor going on or WAL g ewt N e
. 0.073 |— .
off (lasting for several weeks) E
e A PSD cut does not permit to have at o071 -
h . . . oz . = L (2.625 < E < 3.125 MeV)
the same time: a constant neutrino S v
0.069 — .
acceptance and a constant 201117 204217 19001716  16/02718  20/0318  19/04/18

@ background rejection Date
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ANTINEUTRINO SIGNAL EXTRACTION: FROM PSD DISTRIBUTION

— Solution: fit PSD distributions to extract neutrino rates
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E Qtail / Qtot [] E v 0.15 = JO.-2-- l I0.25 — JO.S_I - IE)SSL i J04, 0.45 0.5
n f— : Accidental component " Qtall / Qtot [
E % 200 +*+_& E . . . . .
: 3 | - = - Multi-Gaussian fit for each cell / energy / time bin
: o + % : Ay/Ap ratio constrained by the OFF model

. B kg > .

: oh 0.1 0.2 0.25 .3 E

. Qtall/ Qtot [ .

Self-consistent method to estimate background under component:
e Adapt to PSD variations (temperature sensitivity)
e | ocal rescaling to global norm (pressure sensitivity)

@ T —




ANTINEUTRINO SIGNAL EXTRACTION: FROM PSD DISTRIBUTION

Phase-ll: Updated background model with increased statistics (large time binning)

Counts []

100

50

—
Counts []

+ ‘V 100
) I , .": q'_ >
SV
| +H} ﬂ ' 50
N !
i + s '._‘ “
:._.J._.df.n--j' L 11. I, R L L 0 S _[.QW 0_
0.05 0.1 0.15 0.2 0.25
Qtail/ Qtot [

P
I j -
0.15 0.2 0.25
Qtail/ Qtot [

A second component (Ap) for p-recoils, anchored relatively to the first one (Ap) — Possible physical origin:
multiple proton recoils (under study)
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Oscillation test using ratio of energy distributions - cell 1 taken as reference
* Reduced systematics
* Insensitive to absolute flux normalization and predicted spectrum shape

MC takes into account
cells differences,

Data; MC. . detection efficiencies
RDPata — ax compared with RM¢ = SX etc.
1,7 D 1,7 MC
ataz’rref—_—]_ i,?“ef:].
NEbins X X F ; Nearis 7 Norm\ 2 Neells / Escale \ 2
2 __ RData o RMé(a) V—l RData o RMz(a) + J i, J
X = (2 ( ) ? 7 O.Norm O.Escale
i=1 j=1 J 3=0 J

* \/is the covariance matrix of the 5 ratios (common reference for each cell) for the energy bin i
e {a}are nuisance parameters to take into account estimated systematics

Pull terms Cell-to-cell correlated Uncorrelated
Energy scale 0.35% 1.00% from energy scale
Normalization ‘ - ‘ 1.70% from neutron efficiencies

@
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https://arxiv.org/abs/1806.02096

NO OSCILLATION HYPOTHESIS TEST

Comparison between cells for data

Cell6/Cell 1

o _— TEe I .
RE] = 4 T 1sF 3
O sk E S 3 E
N + + 4 @ 4F + =
3 ,f + 13:f + :
°k _;_.,._r;t_q—'h—-|- 1°F + ;‘; ;
08;— —: 08;— ':]—_: == =T —:
06 = 06 + =
04 4 o4 =
02;— —_ 02 —:

O".. P EEPEITONT Sur o PN SIPERT IUL [N S U SNPUSUIT RIS (U ESTETON § [T, 0.—. PO [V TE] ST ST SN I N | S [ ey | Y

2 3 4 5 B 7 2 3 4 5 5 7
Energy [MeV] Energy [MeV]
- 2P = — 2 .
CRE] 3 4 T 1sF =
Qs <+ 2 .
J 1af 4 © 4 F =
L R R I L T
= = = o=
0.8;— _:b':_'++ é—b =— o8 : ] .
06 + e 06 | 2
04 + 4 o4 =
02 S 02 2
0 bbbl b

Energy [MeV]

e Minimized pull terms stay within + 1 o

Energy [MeV]

N

1.8
1.6
1.4
1.2

08 F

06
04
0.2

'+
{
1+
A

Illllllllllllll

l]lllllll

-_F

bl

+ Data

—— Non-oscillation fit

— RAA best fit

e Non-oscillation hypothesis (HO) can not be rejected: p-value = 34 % for phase-I
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EXCLUSION CONTOURS

1
10 Preliminary e Phase | and Il combined results
(66 + 47 data days reactor ON)
Considered as two independent
measurements:
2 2/ = 2 (=
X" = x7(dr) + x77(drr)
N e Raster scan approach (Ax? law
~ simulated in each Am?2bin)
iy —— RAA95%C.L.
— = RAA99% C.L. ) .
< * RAA:Best i e Best-fit value of the RAA rejected at
98% C.L.
1" STEREO Phase | & II

| =1 Exclusion: 90% C.L.

| 1 Exclusion Sensitivity: 90% C.L.

: STEREO Phase | only

Exclusion Sensitivity: 90% C.L.
- ‘ . — L % : RAA oscillation best fit
102 10~

2 — 2 _ cin2 =
Sin2(2096) Am RAA 2.3 eV Sin (29RAA) 0.14



https://arxiv.org/abs/1806.02096
https://zenodo.org/record/1286998#.W7odxS-B0Wo

e Stereo is now running under stable conditions

e Data taking will continue until end 2019, reaching 300 days of reactor-ON data
e The correlated background understanding improves using reactor-OFF periods
e Exclusion contour obtained using the robust ratio method, rejects the original RAA best fit

value is at 98% CL using a ratio comparison insensitive to bias in spectra prediction arXiv:
1806.02096, STEREQO Collaboration (submitted and accepted at PRL)

e Improved results are coming soon, with a pure 23°U spectrum M

w‘f””w
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BACKGROUND SPECTRUM

Reactor OFF prompt energy spectrum

E’ e-recoil correlated background
= H(n,y) accidental background
~.-Q 60 p-recoil correlated background
>
©
[
% 2C(n ) 2C < S/B)Corr> =0.8
o 40 vy <S/B),_>=6.8
]
20
S T e
! e
3 4 5 6 7 8
Reconstructed energy [MeV]
both prompt and delayed are neutron captures
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* A /A, evolution in cell 2 at energy 3.88 MeV

A /A, evolution in cell 2 at energy 2.38 MeV
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BACKGROUND SPECTRUM
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Detector Borated polyethylene

ety —
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complete detector response simulated

included systematics:
neutrino spectra, detection & reconstruction

prompt signal: E > 2 MeV

Y
. > 10¢
delayed signal: E > o MeV S Bl
S
)
= =
S/B = 1.9 E T
<
300 live-days 4 "
(6 reactor cycles) S 'E e
S parameter
O i space
> :
N
(D -
>
.
10-'H — Reactor Anomaly contour @ 95 % CL | TS
, = Reactor Anomaly contour @ 99 % CL
) = * Best Fit
- — = Exp. contour @ 95 % - Shape
"\'("6' | = Exp. contour @ 95 % - Norm+Shape
:6— 10 1
& oscillation deficit 2 sin°(26,,,)
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NEUTRON EFFICIENCY STUDIES

AmBe neutron capture energy spectra
800 lllllllll

700
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entries/0.05 MeV
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reconstructed energy [MeV]
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1103 [
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normalized Data/MC ratio
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SYSTEMATIC UNCERTAINTIES

NormOncor |
Source Contribtos_,
Cell volume 0.85%
n-capture efficiency 1.20 %
Asym cut efficiency 0.50% (3% cell4)
D,.4 cut efficiency 0.50 %
Annihilation cut efficiency 0.50 %
(Ejtvertex<o-8 MeV)
TOTAL 1L7% (3.4%cell4)

Esale

Source Contribto o
Escale correlated 0.35%

escale
Source Corﬁ‘ibtoc@
Escale uncorrelated 1.50 %
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