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Introduction

Nuclear Reactors typically generate energy from
fissions of isotopes %3°U, 238U, 239Pu, and ?*'Pu

Products of these fissions undergo Beta Decay,
producing huge numbers of electron antineutrinos

These antineutrinos can be detected using the
Inverse Beta Decay (IBD) interaction:

Vo+p-oet+n

Over the last 20 years, reactor experiments have
measured the parameters of Standard Model
neutrino mixing and IBD yields of reactor isotopes
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Reactor Core of Oak Ridge National Lab’s High Flux Isotope Reactor
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Antineutrino Anomalies
§ 1- — *i (i
* Measurements in the 2010’s found a deficit of ~ § oo | L
approximately 6% in the IBD yields of 2%°U, the | 53 1o ModelUne.
“Reactor Antineutrino Anomaly” (RAA) 19 Distaice (m) i

Deficit in observed neutrinos

* One possible cause for the RAA is sterile-active
neutrino mixing with a mass difference on the :’ =

: : moo- TV Eremes
order of 1 eV? or larger, with the best fit to the o L m e
RAA being (sin220,,,Am2,,) = (0.165, 2.39 eV?) B
* Experiments like Daya Bay also found a i ¥ -
I f ——
“bump” in the energy spectrum at around 5 %i i
MeV, believed to be caused by model N e
unce rtalnty T Dayafey, hep cx[l‘iOS.M233] (2(:15) ..;__.
Prompt Energy (MeV)
Spectrum disagreement measured by Daya Bay
Pais = sin? 20sin? ( 1.27Am?(eV?) L{m)
dis = A SRV B (MeV)
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STEREQO Detector

* The STEREO detector was
installed at the Institut Laue—
Langevin (ILL) high-flux research
reactor, a pure 23U reactor in
Grenoble, France

e Baseline of roughly9to 11 m

* Reactor produces antineutrinos,
which produce IBD interactions
in the detector:

Vot+p-oet+n
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https://www.stereo-experiment.org/news.php?

Detection - o

Strategy

STEREO consists of 6 segments of Gadolinium-loaded liquid
scintillator (GdLS), with 4 PMT’s on top of each, with additional
PMT’s and unloaded scintillator surrounding those segments

Detector is surrounded by several layers of shielding to reduce

backgrounds from cosmic rays and neutron beam experiments ” _
= g
Detects IBD's usin_%_energy deposition in the scintillator from the " & g
positron as it annihilates and the neutron as it captures on Gd : § PH.H RO £ ]
- 2 CL.}.. EE‘E‘ & g -
£ b
- eedcoe E
IBD candidates consist of a prompt event from the positron g &.‘&.‘JK‘&O&A&. 3
annihilation followed by a delayed event from the neutron P B
capture, ~17 us later 5 “"-\1 3
L, M e olbotoubes
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Type IRequirement for passing cut

Energy |1:625 MeV < Ejionit’ < 7.125 MeV

E S ‘ . 4.5 MeV < Edetector = 10,0 MeV

Ve nt e e Ct I O n COII‘I- 2 /lb' < A:[.])l‘unlpl—lll,"];l_v('(l < T(} .“S

Cldence A-\'prompt delayed < 600 mm

Vertex cell in target (cells 1-6)

Cell next to vertex cell: E<¢!l < 1.0 MeV (phll)

promp

: o : Topology Eeell < 1.1 MeV (phlll)
* Along Wlth tlmlng and Spatlal Cell far from vertex cell: ESlL < 0.4 MeV
separation between the prompt ELME S 1.0 MeV
No muon in veto 100 us before the prompt
and dela.yed_’ the e_nergy and PU|Se Cosmic |No muon in detector 200 uis before the prompt
Shape DISCFImInatlon (PSD) Values back- (No event in detector 100 s before the prompt
of each event are used for cuts round and 100 s after the delayed
PMT asymmetry < 0.5
* Events that spread too much Nature 613, 257-261 (2023)
energy across neighboring cells are ' e-recoil signal
removed

p-recoil signal

e Events too close to muon .
backgrounds are removed Qe Oel®) < QuafOe(p)

e Events too close to a PMT in one of

the cells are removed Tail charge - Qo

Total charge - Q.
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Detector Response Calibration
—~ ‘:(103
* Weekly calibration runs were taken T
to account for slow drift of ° T
detector response with a *>*Mn 30 [
source place in tubes on each ol
segment except segment 3 i
* Longer calibration runs were also N .
done every few months with a 04 06 08 1 1.2

Nature 613, 257-261 (2023) Reconstructed energy (MeV)

variety of sources across the entire
IBD energy range
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* Detector Response was validated ;"
through comparison to Geant4 § 2405_ S S e
simulations T et s e
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Data Run

Nature 613, 257-261 (2023)

e STEREQO’s data was
collected from October
2017 to November 2020

60

Reactor power (MW;,)

e 273 Reactor-On days, 520
Reactor-Off days

* Detected 107,558 Phase-I Phase-lIl
antineutrinos

01/18 07/18 01/19 07/19 01/20 07/20
Date (MM/YY)
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Sterile Oscillation Search

* STEREO compares separate spectra in 10’
each of its 6 cells and tests range of T RAA et
oscillation parameters and finds '
likelihood those parameters would
result in observed data

* STEREO excludes RAA oscillation best
fit point at >95% Confidence Level (CL) §
and best fit points found by other

1 L

experiments: 5 N
* Neutrino-4: excluded at3.3 ¢ Nature 613, 257-261 (2023)
* NEOS-RENO: excluded at 2.8 o STEREO 95% CL '
* STEREO has good agreement with null == o sty
hypothesis (p = 0.52), suggesting eV- — — 2D sensitivity
scale sterile neutrinos not responsible | == 2D exclusion
for the anomaly padte p_

CLs curves use Gaussian CLl's method sin’(26,)

2D curves use Feldman-Cousins method
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23>U Antineutrino Spectrum Measurement

e STEREO measured 5.5
+/- 2.1% absolute flux
deficit from prediction,
lowest uncertainty
measurement achieved
at short baseline

* Observed a bump in the
energy spectrum at 4-6
MeV

* Results are in line with
other experiments
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Recent Beta Spectrum Ratio Calculation

* Recent measurements of the B spectrum
ratio between %3°U and 23°Pu at Kurchatov
Institute show reduction in predicted
neutrino spectrum

* This addresses the RAA observed deficit, but
not the bump in the energy spectrum

* Might rule out eV-scale sterile neutrinos,
but not higher-mass scale sterile neutrinos
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Could Sterile Neutrinos Still Be Hiding Somewhere?

T T 11 T T T T T T T T T 711
90% CL
|~ — PROSPECT-II Nominal Parameters 2 Y
I~ — PROSPECT Exclusion -
DANSS Exclusion
NEOS Exclusion

* However, still significant amount
of parameter space in the ~10 eV? 10 IRAA - Gaium, 55% 0
range where sterile neutrinos i
could still exist and have notable :

* Probably not at eV scale

Amg, [eV?]

—_—
~.

Impacts i
. . 1=
* Future experiments will need to :
investigate this more fully :
107 | |
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Summary
e STEREO ran for 3 years and found

over 100’000 |BD’S Nature 613, 257-261 (2023). A

Nucifer = 1+ 1.014 +0.108

* Has largely ruled out eV-scale i — ]| 0.792 10072

active-sterile neutrino oscillations |8 | 0.041 £0.026

. SRP-I e 1.006 +0.029

¢ Compa FiIson Of energy SpeCtrum tO 3}g.roamsnoyarsk-87 —k 0.925 +0.046

Huber prediction suggests 4-6 MeV  [Kasnoyarskoo | £ 0946 10,028

Krasnoyarsk-94 —a : 0.936 +0.039

bump 9}<2:r§':1msnoyarsk-87 b 1 0.942 +0.192

* Absolute Flux Measurement found  [SI&R5° 'ﬁ 0.945 0,021

o . .

5.5% deficit from Huber prediction |, HEU - ure 2650 HIE st 0010

* This suggests the model inputs are  |REEQ e o0 aHlE: 0.023 +0.015
incorrectoruncertaintiesare lllIllIlIlIllIllllllEIEIIIIIIIIIIIIIIIIIIIIL

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

miscalculated GObserved / GExpected



Questions?



