Yu.Kudenko Fest
INR 05.10.2021

Search for sterlle neutrlnos at very short
baseline reactor experlments
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Many plo1‘s are Taken from recent neutrino confer'ences Many thanks to authors
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v oscillations in 3 generations are well measured
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There are several indications of 4'h neutrino

LSND MiniBoone: Ve appearance Indication of a sterile neutrino
' .. Am2 ~ 1 eV?
SAGE and GALEX vV, deficit (6A) == . 550 51
- o 14 ~Y.
Reactor v, deficit (RAA) => Short range neutrino oscillations
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G. Mention et al. Phys Rev D 83 073006 (2011)

Reactor models are based on ILL measurements of 235U, 239Pu, 241Pu
electron spectra.

Recently Kurchatov Inst. Group observed 5.4% smaller ratio of e- yields
for 235U/239Pu (arXiv:2103.01684v1). This can explain the RAAI



Recent (2018) indications of sterile neutrinos

NEUTRINO-4: Am2~7eV2 sin?26~0.35! JETP Lett. 109 (2019) no.4, 213; Arxiv:2005.05301
Phys.Rev.D 104, 032003 (2021)

*  Best fit Am’=7.22¢V7, sin’(20) = 0.35

l A Observed
o aime mian =055 mbur evns o e NEUTRINO-4 claimed observation of
L } [ l sterile neutrinos although significance was
Sl i 'H‘L [Say -*'Ij"'L'."%i PP A N N only 2.80 and there are concerns about
g ¥ H‘% LN ? I f [ J validity of the analysis:
“ [ U M.D. J.Phys.Conf.Ser.1390(2019)012049
Unity C/DoF 285721 GoF 014 M.D., N.Skrobova JETP Lett.112,199(2020)
B TR T e T T b Tl T CGiunti et al. Phys Lett.B 816(2021)136214

MiniBooNE v, excess of 4.80 (60 with LSND) Phys.Rev.Lett. 121 (2018) no.22, 221801
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Very weak indication of v, disappearance in ICE Cube
(but with large Am? as in Neutrino -4)
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PRL 125, 141801 (2020)

Searches for sterile neutrinos are very exciting

Many experiments are searching for sterile neutrinos with m~eV
including 9 reactor experiments



Antineutrino detection
Inverse Beta-Decay (IBD) 7. +p — e +n

E,~E,— 1806 MeV
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Reactor models do not describe well antineutrino spectrum

Measurements at one L not sufficient to observe oscillations
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Observed/Expected

All recent experiments observe a bump at 4-6MeV
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Is Reactor Antineutrino Anomaly Real?

Reactor models are based on ILL measurements of p spectra from 235U, 239Pu, 241Pu
n-induced fission isotopes

Recently Kurchatov Inst. Group observed 5.4% smaller ratio of p yields for 235U/239Pu
(arXiv:2103.01684v1). This can explain the RAA!

R
3.00 FIG. 1. Ratios R =° S55/°S9 between cumulative 8 spec-

s i L tra from 2%U and 2**Pu from ILL data [11] (blue) and KI

2.50 4

N data [10] (red). Total electron energies are given. Only sta-
tistical errors are shown.

| (Cop/% )k = 1454003 - 5.4% smaller than ILL

N DayaBay and RENO observed smaller 235U flux
than in Huber-Mueler model (based on ILL results)

(Cos/%;) =1.44+0.10 - 5.4% smaller than ILL
3 (Phys. Rev. Lett. 123, 111801 and Phys. Rev. Lett. 122, 232501)
2 3 2 5 6 7 8 238U contribution should be also reduced since it is

Ee (MeV) normalized on 235V

1.75 1
1.50

1.25 1

With new values for 235U and U238 contribution measured v fluxes agree with predictions
> No Reactor Antineutrino Anomaly? - Wait till confirmation of KI results

In any case modern searches for sterile v do not use predictions for absolute v fluxes
and predicted shape of the reactor v spectra.
Instead relative measurements at different L are studied



Comparison of Very Short Base Line reactor experiments



DANSS at Kalinin NPP collected 5.5M IBD events in 5 years
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The miian veto plates
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DANSS is installed on a movable platform under
3.1 6GW WWER-1000 reactor

(Core:h=3.7m, @=3.1m) at Kalinin NPP.

~50 mwe shielding => p flux reduction ~6! Fuel fission fractions: average
No cosmic neutrons! start and end of campaign [%]
Detector distance from reactor core 10.9-12.9m 235U 54.1 63.7 44.7
(center to center) changed 2-3 times a week! 239Pu 33.2 26.6 38.9
5000 IBD events/day at top detector position 238 73 68 7.5

2.8 8.5

Trigger: ZE(PMT)>0.5-0.7MeV=>Read 2600 wave 241Pu 5.5
forms (125MHz), look for correlated pairs offline.
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we see no statistically significant indication of 4v signal:
AX?=-3.2 (< 1.3c ) for 4v hypothesis best point Am2=1.3 eV?2 ,

X/
0‘0

X/
0’0

RAA has been excluded with AX?= 107.
RAA was excluded by DANSS with more than 5c already in 2018

(arXive:1804.04046v1)

4 5

6

7

Positron energy, MeV

sin?26=0.014
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The DANSS results

+ Exclusion region was calculated
using Gaussian CLs method (for e*
in 1.5-6 MeV to be conservative),

** New data make limits more smooth
in reasonable agreement with
sensitivity

/

% The most stringent limit reaches

sin?20 < 8x10-2 level (best in the world).

s Avery interesting part of 4v
parameters is excluded.

s The most probable point of
RAA+GA is excluded at 5o
confidence level (already in 2018)
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Main goal: to reach resolution 13%//E
w.r.t. current very modest 34%//E.

New geometry:
Strips: 2x5x120 cm, 2-side 4SiPM readout

Structure: 60 layers x 24 strips: 1.7 m3
Setup uses the same shielding and moving
platform.
Gd is in foils between layers.

Upgrade will be finished in 2022
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Longitudinal nonuniformity can be further corrected
More work on SiPM-WLS fiber connection is needed

Strip A2

Pasition, mm

Strip tests at n-beam
Transverse and longitudinal responses are very uniform g
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The DANSS upgrade

New scintillator strips
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better uniformity of response
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NEOS

overflow buffer
calibration access

Ve target

muon
counter

muon
counter

v spectrum normalized to another reactor
Collected new data but problems with Gd
Recently RENO used NEOS data and

measured v flux to improve NEOS limits

Im3 LS
No segmentation

0c/E=5% at 1 MeV

PSD removes 70%
of background

Depth 20mwe
S/B= 23

Only one L=24m

Large core size
d=3.1m h=3.8m
Power 2815 MWt
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Recently RENO used NEOS data and measured v flux to improve NEOS limits
Results are somewhat different from original NEOS paper with DB normalization
Best point (AM?=2.37 eV?) agrees with best point of GA+RAA,

But p-value is 13% only because of systematic uncertainties

This point was already excluded by DANSS
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XIX International Workshop on Neutrino Telescopes
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Fission fractions

Entries /day/MeV

NEOS-II (2018 -- 2020)
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Refurbished detector from NEOS-I.

Took full fuel cycle (500 days) + 2 OFF periods
Time evolution of reactor v flux/shape
spectral decomposition (23U, 23°Pu)
Rate+Shape analysis
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S.Seo 20™ Lomonosov Conference, August 2021
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Neutrino-4

Fig. 1. General scheme of an experimental setup. 1 — detector of reactor antineutrino. 2 — internal active shielding, 3 — external
active shielding (umbrella)., 4 — steel and lead passive shielding. 5 — borated polyethylene passive shielding, 6 — moveable
platform. 7 — feed screw. 8 — step motor. 9 —shielding against fast neutrons from iron shot.

85MW 235U Reactor (42x42x35cm3)
1.8m3 LS detector (5x10 sections )
L=6-12m, oz/E~16% at 1MeV ~200ev./day

No PSD; 3.5mwe => S/B~0.54

720 days ON 860 days OFF o




Compact reactor core with large power

Major Advantages

Segmented and movable detector
Very short distances to core (6-12) m

No background from other experiments

Model independent analysis
Indication of oscillations with large Am2~7.3+1.17eV2 and sin26=0.360.12

Am?,, eV?
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Major Disadvantages

No PSD

Small overburden (3.5 mwe)
Small S/B=0.54

Modest 0:/E=16% at 1 MeV

Significance 2.7 o
Phys.Rev.D 104, 032003 (2021)

Comparison with other experiments
JETP Lett 112 4, 199 (2020)

125, 250, 500 keV. 6=+250 energy resolution. 2 cycles. Am = 7.3eV?, sin26 = 0.36. 2.9c CL
[ ——————

A, eV?
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There are concerns about validity of Neutrino-4 analysis

MD J.Phys.Conf.Ser. 1390 (2019) 1, 012049, MD, N.Skrobova JETP Lett. 112 (2020) 7, 452

C.Giunti Phys.Lett.B 816 (2021) 136214, M.Andriamirado et al. ArXiv:2006.13147,

Coloma et al. arXiv:2008.06083V2.

Neutrino-4 replied to these critical comments: JETP Lett.112 p.487, arXive:2006.13639

Neurino-4 addressed recently 2 concerns Phys.RevD 104,032003(2021).This resulted in reduction of significance

1. Concerns about treatment of detector energy resolution:

Neutrino-4 argues that with a big width of the energy bin (500 keV) one should not take into
account actual energy resolution (~16% /J/E).

But for the most important region EX6MeV more that 50% of signal goes to neighbor E bins -
This is huge effect which can not be neglected! (MD'19,MD&Skrobova'20)

Detailed simulations show that inclusion of E resolution decreases the significance to 2.20 and

moves the best point to sin?(26ee)=1, excluded by other measurements (Giunti'21)
Recently (Phys.Rev.D 104, 032003 (2021)) Neutrino-4 studied effects of E resolution
Neutrino-4 says it reduces 2.80 to 2.50 (for const resolution 0=250keV)

2. Background in outermost detector sections is not known (MD'19 MD&Skrobova'20)

Neutrino-4 shows that without these sections significance drops to ~20
but does not take it into account in calculations of the significance

3.Wilks theorem used in analysis is not valid(Andriamirado'20 ,MD&Skrobova'20, Coloma'20)
Neutrino-4 shows that without this assumption significance drops from 2.9 o to 2.70

4. Averaging the same data with different bins in E has no statistical meaning
(MD&Skrobova'20)

The best way to address these concerns is to do experiment 19
sensitive to claimed v, parameters



Neutrino-4 future plans

Collaboration creates a new much better detector with 2 PMT per section,
with pulse shape discrimination of background, with more 6d

Sensitivity of the new detector will be 3 time better

It will start data taking in 2022, initially at the same SM-3 reactor
and then will move to the PIK reactor in St. Petersburg

This will be an excellent experiment sensitive to large Am? !
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MOTIVATION AND DET PROSPECT
PROSPECT DETECTOR DESIGN WATER BRICK NEUTRON SHIELD

» 154 segments, 11?2cm x 15cm x 15cm

BORATED POLYETHELYNE

» ~25liters per segment, total mass: 4ton

» Thin (1.5mm) reflector panels held in place {22‘22222222222
by 3D-printed support rods 90600996066 0689)

S . los: '“ INNER DETECTOR ARRAY

» Segmentation enables: m““““uﬂﬂ“““““
T

1. Calibration aceess throughout 1900000006000060
iy rryy

volume 9008000000000 0)

2. Position reconstruction (X, Y)

3. Eventtopelogy ID

4. Fiducialization

» Double ended PMT readout for full (X,Y,2)

position reconstruction N ﬁ TILTED ARRAY FOR
CALIBRATION ACCESS

» Optimized shielding to reduce

casmogenic backgrounds
MEUTRIMNC 20158
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Pulse Shape Discrimination of background

3108 SINGLE SEGMENT 0.4
5 PRELIMINARY
/\ § o03f
1 _ (@] =
10 g _ L% r
B e 3 = 0.2~
or s 8 £
- 45 s | @) 3 _—
10_3? Hll g g ﬂ @p] 01 .__:' - ar- ., i
- r | O O H r H o Electronlc Recon
i & 3 il A
1°4HN1.,.| ST MH 0.0 e T R INAR,
00 01 02 03 04 05 0 2 4 6
segment 36 n+°Li PSD [tail fraction] Energy (MeV)

Excellent PSD allows to achieve S/B=1.36 on earth surface
Excellent energy resolution of 4.5% at 1 MeV

Localized detection of neutrons

Elaborate calibration system

Unfortunately 42% of 154 modules do not work properly due to PMT
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PROSPECT results and prospects

~50 K IBD arXiv:2006.11210

—_
o
TT

Amg, [eV]

| — FC Exclusion, 95% CL
| — CL, Exclusion, 95% CL
[ Sensitivity, 95% CL, 1o
| [ ] Sensitivity, 95% CL, 20

[ | SBL + Gallium Anomaly (RAA), 95% CL
| 1 1 1 1 el I 1 1 1 1

102 107" , 1
sin“26,,

Upgrade plans arXiv:2107.03934

- PMT outside LS

- Section Length 1.17m->1.45m
- 6Li fraction 20% higher
-S/B1.4-> 43

- Npgp(effective) 15k > 200k

PROSPECT-II Sensmwty Galns

o |
- 90% CL, PROSPECT
() - — 1 yr Sensitivity
— — 2 yrs Sensitivity
NE'd‘ —2 yrs Optimized Sensitivity
= 1 0 - Current Exclusion

107 =
0l I Lol A

1072 10! 1
sin 2614

Data taking at HIFR before 2024

23



The STEREO detector Data taking is finished

arXiv:1804.09052 | 4 Invert Beta Decay

2 mm acrylic

plates

Reflective

s

T~ vM2000 foils

Nylon net
¢= 100 um

-

V,+p—-et+n Prompt signa

A= 7, energ
f v N ¢ \ \

-

Delayed signal
Mean neutron capture time 16 p:

Target Gamma-catcher
6 cells filled with Outer-crown to detect y's escaping
Gd-loaded liquid scintillator ~ from the Target + active shielding
4 top PMTs per cell 24 PMTs

Neutrino 2018 - Heidelberg ‘g’ﬁ'@q’m Jacob Lamblin, LPSC Grenoble




PROSPECT

Am3,[eV?]

STEREO
Phase I+ II+1II1
10!
Preliminary
TAUP'21 %
<]
&—\ —— RAA 95% C.L.
C
W
— 1
o <t
s
<
STEREQ (334 days reactor-on):
T Exclusion Sensitivity CLs 95% C.L.
1 3 Exclusion 95% C.L.
10102 101
sin®(20,, )

PRD 103:032001 (2021)

| — FC Exclusion, 95% CL
| — CL, Exclusion, 95% CL
Sensitivity, 95% CL, 1
I [ Sensitivity, 95% CL, 26

[1SBL + Gallium Anomaly (RAA), 95% CL

1
eV?

|
2
a1

0—1
162 107"

sin’26,,

RAA best-fit excluded > 40 CL

1

RAA best-fit excluded > 95% CL

DANSS
arXiv:2012.10255

10! z
RAA predictioﬁs*
90%, 95%, 99%
* best value

10°

I

DANSS 90% CL
PP N

sensitivity —>

~exclusion ;

15 % e |

Preliminary results! | N

102 *G.Mention J.Phys.:Conf.Ser. 408 (2013) 012025
10-3 1072 1071 10
sinZ,26

RAA best-fit excluded > 50

DANSS limits are much stronger at 1-2 eV? but
Prospect and Stereo are better for large masses

Some tension with Neutrino-4 result

25



SolLid

SLiF:ZnS scintillator layer

Scintillator < \ / e .
5x5 x5 cm? PVT cubes - 4 | ‘“"'\‘ 5 “m
— Non-flammable scintillator ] : Eormorainformation:
Cubes are optically separated JINST 12 (2017) P04024
using Tyvek wraps Beflective wrepping :
bLiF:ZnS(Ag) screens for neutron identification [ j

Sgnal (PA]
e a 3

n+9Li 2% + a + 4.78 MeV

Light collected through optical fibers and silicon

photomultipliers (SiPMs require low-voltage) Delayed
signal
X . :
N I
| : 1 Prompt
SiPM ‘ 8 ,.‘ e signal

Squared BCF-91A fiber L



Good pulse shape discrimination of background (# peaks over thresh)
In-situ measurements of neutron detection efficiency

Major Advantages Major problems

Compact reactor core with large power ~ Modest oz/E=14% at 1 MeV
Highly segmented detector -> 3D recons. Calibration challenge- 12800 cubes
Very short distances to core (6-9) m Large background!

Good PSD of baCkgr'ound > S/B~3 e
Localized detection of neutrons ; BiPo background =

. . Internal radioactivity from ZnS layers contaminationg
Elaborate calibration system ! ’ :
: External Radon decay.

lJSU
~

N g BT 0
With a complicated ML I E
sighal separation Solid Ke o e
finally managed to observe B * promet: B-(+7)
IBD events. , * Delayed: &

' AT|:!rt:umptfdela\,ted ~ 250 pS

No physics results so far
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Comparison of experiments
DANSS NEOS v-4  PROSPECT Solid STEREO

Power [MWH{] 3100 2815 90 85 50-80 58

Core size [cm] ©=3200 ©=3100 42x42 w©=51 9=50 =40
h=3700 h=3800 h=35 h=44 h=90 h=80

Overburden 50 20 3.5 <1 10 15

[mwe]

Distance [m] 10.9-12.9 24 6-12 7-9 6-9 9-11
Movable Movable

IBD events/day 5000 1965 200 750 ~450 400

PSD/ Readout -/ 3D +/ 1D -/2D +/3D +/3D +/2D

S/B 58 23 0.54 1.36 ? 0.9

oe/E [%0] 33 5 16 4.5 14 9

at 1 MeV
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MC estimates give smaller significance than X? with 2dof

C.Giunti arXiv:200

4.07577

T T T T T T T © NEQOS + DANSS + Bugey-3 + PROSPECT
10 (. {6
B SV o
%-i — 3o
o N
= LN ]
K s
_______ A o
NE; L L e E. |
< ] ~F :
S . £ .
\\ | <] :
90% CL LT :
'''' x? distribution S - :
- - - PROSPECT MC "
- Our MC | 107 1072 107 1 5 10 15
— 1 1 1 1 L 11 1 1 L L1 2
10 102 10~ ’ Sin22ﬂee A:’Cx\mf1
SinZZﬁee FIG. 3. Contours of the 1o (blue), 2¢ (red), and 3o (green)

DANSS, NEOS, PROSPECT, Bugey-3 data

Significance of the best point
(Am?=1.3 eV? , sin226=0.026)

Is 1.8 o only

allowed regions in the (SinQZ*ﬁw, Am32, ) plane obtained with
the combined analysis of the data of the four reactor spectral-

ratio experiments NEOS [12], DANSS [14], Bugey-3 [26], and
PROSPECT [27]. The solid lines represent the contours ob-

taincd with our Monte Carlo evaluation of the distribution
of Ax?, and the dashed lines depict the contours obtained

assuming the y? distribution. Also shown are the marginal
Ax?’s (black) for sin?29.. and Am?,, together with the Ay?
values corresponding to 1o (blue), 20 (red), and 3o (green)

obtained with the x? distribution (dashed) and our Monte
Carlo (solid). The blue cross indicates the best-fit. point.
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Very strong limits on Vyu disappearance

10
10
N'_'
>
2D,
1 |
N o
g 99% CL
—— CDHSW (1984) .
—— CCFR (1984) T
107" — ATM — E
—— SB-MB v, (2012) .
—— SB-MBYV, (2012) ]
——— lceCube (2016) 4
—— MINOS (2016)
—— MINOS+ (2017)
10—2 T — 1 ol |
1072 102 10"
2
|Upal
2 L
. D A . D Am - 2 A
ff’f’?"(_-, ~ sin® 29,3 sin ( 24 ) sin® 20,5 = 4|U,4]?|Us4l|?
2 >I/..:—{ 4E
Am2. L
SBL . 2 . D 41 2y . 2 2
R>75 -, =~ 1 —sin” 20,4 sin ( 1L sin® 2Uaa = 4|Ua4| (1 — |Ua4] )
Ve, —> 1l

Strong limits on disappearance - strong limits on appearance

1
s 2 A 2 2 s 2 A - 2 .0
sin“ 2, = 4|Uea|?| U 4| f-_v—4 sin® 20 e Sin“ 20, 30



Appearance and disappearance experiments are not compatible
(assuming validity of Wilk's Theorem)

99.73% CL -
2 dof
M.Dentler et al
JHEP v8,p.010,2018
L
L
N
s : Appearance
< f (" wjo DiF)
| Disappearance
— Free Fluxes
1l Fixed Fluxes
]_0 Ll . PRI | . PRI | . L 2+ 2 a2 aaal . .
1074 1073 1072 107!
sin® 26,

Addition of 2-nd sterile neutrino does not help 31



Cosmological data strongly disfavor a sterile neutrino on ~ 1 eV
mass-scale

However there are models that can accommodate such v
For example in a model with additional pseudoscalar

a heutrino on ~ 1 eV mass-scale is allowed

(M.Archidiacono etal., arXiv: 2006.12885).

Moreover, this model alleviates tension between different H,
measurements.

Combined fit with SBL reactor experiments gives m,=1.14 eV
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Am® (eV?)

BEST confirmed GA with ~bo

. BEST:

[ 136
[ ]2 |
[ Jic |

« bfp]

" [_IDANSS 90% C.L.
~_ exclusion i
~ W Neutrino-4 result ]

0+
00 01 02 03 0

Ry e o R [ EE S B
4 05 06 07 08 0.97 1.0
sin26

R,=0791+0.05  R,,=0.766%0.05

R,.+/ R,;=0.97+0.07 consistent with 1

Results can be explained by v, with
Sin?(20)~ 0.4 and Am?>1eV?

Am?2<5 eV?2 was already excluded by DANSE

But Neutrino-4 Sin?2(20)=0.36 +0.12 agrees
perfectly with the BEST results

BEST Sin2(20) preferred region is in tension
with limits ~0.2 based on reactor v flux
measurements

Searches for sterile neutrinos is a very exciting field!
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Summary

Two new indications of sterile neutrinos in 2018:

MiniBooNE and NEUTRINO-4.

BEST confirms GA with 5o (2021). Results consistent with Neutrino-4!
However sterile neutrinos can not explain simultaneously

appearance and disappearance results

Strong limits on sterile neutrino parameters were obtained by DANSS
and NEOS. PROSPECT and STEREO extended limits to higher Am?2

Significance of sterile neutrinos in VSBL reactor experiments
(w/o Neutrino-4) is ~20 only

Reactor neutrino spectrum predictions are still quite uncertain
5 MeV bump not understood.
Measured X-section for 235U is 5% smaller than in H-M model

New measurements of beta spectra from 235U and 239Pu at KI give
5% smaller ratio than ILL results ->smaller X-section for 235U -->
RAA becomes weaker

New results with increased sensitivity are expected in near future
from DANSS, NEOS-II, NEUTRINO-4, PROSPECT, SOLID and



Hoporou FOpuu puropbesuu!
TTosapasnaem c robuneem!

BoHcau npuexan npamo us AnoHuu

Fpynna @MAH
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Backup slides
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Power, MW

Power, MW

3500

Sensitivity to fuel evolution

— Middle = Bottom data
with and without fuel evolution correction

3000
2500
2000
1500
1000

500

¢ m%pr-\T,r

A

N
T

!

— Instant power
—— Average power
Up
+« Middle
= Down

Raw data w/o fuel correction

b

"

3500

1 1 1 I 1 1 1 1 I 1 1 1 1 1 |
12/'16 04/17 077

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
10/'17 1217  04/18  07/18 1018 01719 049  07/19 1019 01/20

Date month/year

3000 ¢
2500
2000
1500
1000

500

ooy rﬁ"\'ﬁm ”ﬁﬁmw Q,-...n.um'.-,..-T-,r-‘....z-m
1 1
— Instant power
—— Average power
Up
¢ Middle
¢« Down
Fuel-corrected data L J
|n'fl ! "

1 1 1 I 1 1 1 1 I 1 1 1 1 1
12/16  04/17  Q7/'17

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
107 1217 04/18 07718 1018  01/19  04/19 07719 1019  01/20

Date month/year
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Comparison with experiments
based on spectra ratio at different distances
measured with identical detectors

cgj 0
o 90% CL limits -
£ -
< DANSS'1

’

.---"""J-—r
10 . e
Daya Bay N
~_
Bugey L

10‘2 | | \\



Positron spectrum of IBD-signal

2 00 __ —  Up: 2484157 events 5185.6 + 3.7 / day [0.75-8]

[ Mid: 710868 events 4386.4 = 5.9/ day [0.75-8]

B ——————————  Down: 2337699 events 3671.3 + 2.7/ day [0.75-8]
1 50 B ————— Bgnd Up: 118.2 +0.1 Mid: 124.2 +0.2, Down: 124.2 +0.1 [0.75-8]
100

5532724 events

o)
o

0 PR TS TN AN SR TN TR Y TN TR TN NN TR N T NN SN SR TN NN S ST S NN SN SR T N T T
0 2 4 6 8 10 12 14 16
Positron energy, MeV

Events / (day * 125 keV)

% ~5000 events/day in detector fiducial volume (78% of full volume) at ‘Top’ position.

% Cosmic background ~1.7% (Top position, E: 1.5-6MeV). Signal/Background >50!
« Continuous detector calibration with cosmic muons

* Very modest energy resolution of ~33% at 1 MeV

* Very large size of the reactor core (e 3.1m, h=3.7m)

> Smearing of the oscillation pattern
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Daya Bay observed smaller 235U X-
section than Huber model

STEREO also observed smaller X-
section for pure 235U fuel

Kopeikin et al. remeasured recently
ratio of cumulative beta spectra for
235U/239Pu and obtained 1.054 times
smaller value than ILL
(arXiv:2103.01684)

This leads to a smaller value of 235U
antineutrino X-section

(6.27+-0.13) in agreement with Daya
Bay and STEREO

RAA becomes weaker

Modern experiments do not use
absolute flux predictions

W

3.00 -

2.75 4

2.50 +

2.25 4

2.00 1

1.75 4

1.50

1.25 -

U/Pu cross sections per fission ,
1
A DayaBay || |
—e— Huber model'W/ 68% C.L.
1

5.0

Pure 235U

4 . 5 > 7
,\\‘\X> T

AN
€' ~ A\

4 < : CiL
35 [ A 68%

i) 95%
0938 = (10.1 +1.0) x 10—.453
3.0 0941 = (6.04 + 0. 60) x Hﬁ“”

‘52 56 60 64 6.8
0935 [10743 cm? / fission]

0939 [107%3 cm? / fission]
>

99.7%

—— L
—+— Kl




Global fit of disappearance data without Neutrino-4
(M.Dentler et al THEP v8,p.010,2018)

Electron neutrino disappearance

95%, 99% CL

GALLEX, SAGE

papnpxa

Reactor experiments

ILL, Goesgen, Krasnoyarsk, Rovno, Bugey-3,
Bugey-4, SRP, NEOS, DANSS, Double Chooz

RENO, Daya Bay, KamLAND

V. scattering on carbon
KARMEN, LSND

Solar experiments
Chlorine, GALLEX/GNOQO,
SAGE, Super-Kamiokande,

SNQO, Borexino

1012 dof
——— 13
o -
= Global preferred |
L e "
— 100 9 | {
oS [ i
S |
— 1|
= T 2
I
I
=
wn
-...‘l A i i PR . | i 1.';1.1
1073 102 1
2
| Ue4|
16 Jul/20 Pedro A. N. Machado | Sterile Neutrino Global Picture

Atmospheric neutrinas I

Super-Kami: Analysis with free
DeepCore,| reactor flux prediction
Best fit:
Am2 = |.3 eVZ, |Ue4/2 = 0.009
“3.20”

Dominated by DANSS/NEOS

Assumes x2 distribution with 2 dof and old DANSS data (lyear)
With 5 years of DANSS data significance of best point

(Am?=1.3 eV?2 , sin?20=0.014)isonly~1.30c
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