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There are several indications of a new neutrino with
Am? ~ 1eV?, Sin?20,, ~0.1, Must be Sterile since ', N, =3

1. LSND, MiniBooNE: v, (V. ) appearance inv, (v ) beams:
Not confirmed by MicroBooNE arXiv:2110.14054v2 but not excluded

Increased sensitivity with NUMI beam but not sufficient
FNAL SBNP and JSNS2 will clarify the situation

2. SAGE and GALEX v, deficit (GA) confirmed by BEST:

arXiv: 2109.11482, arXiv: 2201.07364 , PRL 128.232501
GA looks solid, but v, explanation is practically excluded

3 Reactor v, deficit (RAA):
Explained by KT (arXiv:2103.01684), DayaBay, RENO, STEREO experiments
and new reactor neutrino flux models?

4. Neutrino-4 claim of sterile neutrino_observation
Am?=7.3+1.17eV?2 and sin?26=0.36+0.12 Phys.Rev.D 104, 032003 (2021)
Serious tension with many experiments but not excluded

These are statistically strongest laboratory indications

of physics BSM!


https://arxiv.org/abs/2109.11482
https://arxiv.org/abs/2201.07364

Reactor Antineutrino Anomaly (RAA)

New calculations of antineutrino flux in 2011 were ~6%(2.50) above experiment
Mueller et al, arXiv:1101.2663, Huber arXiv:1106.0687, Mention et al, arXive:1101.2755 (RAA)
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Deficit of v, can be explained by oscillations to sterile v, with m~ 1 eV
In model with 3 active and 1 sterile neutrino (3+1 model) survival probability at short L

Pee: 1 -sinZZGee Sinz(Am214L/4E)
with sin?220,, =4|U,,|3(1-|U_|%), where U is 4x4 extended PMNS matrix

Recent DANSS results are consistent with HM model



New (2019-2022) neutrino flux models

HKSS conversion model Hayen et al arxiv:1908.08302 increases RAA to 2.9¢
Rukss = 0.925%9% Giunti et al, arXiv:2110.96820

EF summation model Estienne et al arxiv:1904.09358 decreases RAA to 1.20

Rer =0.960"0 0oy Giunti et al, arXiv:2110.96820
Letourneau etal, model arxxiv:2205.14954 describes STEREO spectrum=> No RAA
KI conversion model arxiv:2103.01684 No RAA

Perisse etal(BESTIOLE) arxiv:2304.14992v2 No RAA

New measurements indicate smaller contribution from 235U

DayaBay, RENO, STEREO observed

';uz:f/hz::”]e::s:a%ri‘:u:f OII; s?:\(:: smaller 239U flux than in HM model
T Y which is based on ILL results

235 239 -
for 255U/23%Pu ,C"”X""Zl(:?"més“ Phys. Rev. Lett. 123, 111801, Phys. Rev. Lett. 122, 232501
Tﬁ“s can explain RAA _Nature v 613, 257-261 (2023)
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https://www.nature.com/
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New measurements of 235U contribution are smaller than HM model
New reactor models predict smaller v flux

Is RAA solved? Not completely!

Models do not describe experimental v spectrum

= . —— | DayaBay arXiv:2210.01068v2

'z 0f 1 ' Xx2/NDF and (o) are very large
N :
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Conversion and summation models also disagree

Perisse etal, arXiv:2304.14992V?2
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dN/dExc [10* cm?/fission/MeV]

Data/Pred.

High energy part of v spectrum is also not described by models

Daya Bay PRL 129 (2022) 4, 041801
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DayaBay observed v, events
with v, energy > 10 MeV (6.20)

N.Skrobova, Poster #234
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DANSS observes1561 + 157stt+ 168%° (6.80) v,
events with v, energy > 10 MeV

Fracti

on of high energy v, events is somewhat

larger than at Daya Bay 6



IBD rate dependence on 23°Pu fission fraction (do/dF239)/<o> agree better with models

Fractional IBD slopes Relative IBD yeild for E_=[1-8] MeV
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DANSS slope is more steep than DayaBay one and agrees with HM model

DANSS has twice larger range of 23°Pu fission fraction



DANSS measured 23°U fission fraction with ~3% accuracy using fit of e* spectrum

fission fractions
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N.Skrobova, Poster #234

DANSS measured reactor power remotely using v with 1.3% accuracy in 3 days during 7 years
IBD rate was normalized to reactor power during 1 month in 2016
Corrections for the fuel evolution were made using HM model
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Comparison of o and (do/dF239)/<0> with models
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DB results are consistent with SM2018 model
DANSS results are consistent with HM model but errors are large

RAA is probably solved by smaller contribution from 235U
but energy spectrum should be modified in reactor models.

Phenomenological approach by Daya Bay shows that ad hoc modification of
233U spectrum and modification of spectrum of all isotopes work equally well
Daya Bay arXiv:2210.01068v2



Neutrino-4

Indication of oscillations with large
Am2~7 .3*1.17eV? and sin?26=0.36+0.12

Significance 2.7 o
Phys.Rev.D 104, 032003 (2021)
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There were 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:2008.06083V?2.

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

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% /JE).

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 sin2(20ee)=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 1
sensitive to claimed v, parameters



Comparison with other experiments Neutrino-4 upgrade

. : Sereb t al, Techn. Phys., 2023,V.68 Nol, 15
Neutrino-4 and BEST results agree nicely creprovend, e Ty ’

Phys. Rev. Lett. 128, 232501 (2022),
Phys. Rev. C 105, 065502 (2022)
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Serious tension of Neutrino-4 result with?

- Predictios for absolute reactor v flux

300

compared with experimental results
(Bugey-3, Daya Bay, DANSS)

- Solar neutrino data

- PROSPECT and STEREO experiments
See e.g. Giunti et al arXiv:2101.06785

However Neutrino-4 result can't be & A .
excluded - New 5.4m3 LS(0.2% 6d) detector in a new hall

A.Serebrov et al, 100 sections with 2 PMT readout, PSD, L=6-15m

JETP v137, p.55(2023) Sensitivity 2.7 times better than at Neutrino-4
Start of data taking - end 2024!

New experiments are needed to Old setup was upgraded (PSD, Electronics)

Taking data since end 2023! 12

confirm or discard Neutrino-4 result 2. . :
firm . . Sensitivity twice better than at Neutrino-4



DANSS
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50 mwe overburden,  S/B>50 Exclusion region calculated using Gaussian CLs method

Energy resolution 33%//E using E.. In 1.5-6 MeV region
The most stringent limit reaches sin?26 < 4x10-2 level.
Kalinin NPP (Russia) 3.16W A very interesting part of 4v parameters is excluded.

(Core:h=3.7m, @=3.1m) The most probable point of RAA is excluded at >50 CL

already in 2018
Best 4v fit point is not statistically significant (20)

8M IBD-events in >7 years
13



Results with absolute v rates DANSS upgrade

New scintillator counters with good uniformity
of response and fast YS2 WLS fibers readout

DANSS %;g from both sides. Light yield 130p.e./MeV
= JINST 17 (2022) P01031
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BEST and N4 best fit point are excluded o gl .
KT model gives even stronger limits l g
- after upgrade 1
o . 2 i DANSS 90% C.L. -
Similar to Daya Bay and Bugey3 results i ,:]exclusmn |
. 1 e tNeutrlno-4 result -
PRL 125, 071801 (2020), arXiv:2404.01687v2 . S B —

Exclusions depend on assumed uncertainty 00 01 02 03 04 05 06 07 08 09 10 14
in reactor v flux (5%) sin’20


https://arxiv.org/abs/2112.00136

overflow buffer
calibration access

Im3 LS. No segmentation

o AM?=2.37
0:/E=5% at 1 MeV
PSD removes 70% of background
Depth 20mwe, S/B= 23

Hanbit NPP 2815 MW
Large core size d=3.1m h=3.8m

Only one L=24m
Compared with Daya Bay or RENO

NEOS

muon
counter

arXiv:2011.00896
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= — RENO Far/Near .
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~ —— PROSPECT 95% y
sin"20,,

Strong limits on sterile neutrino parameters
Best point (eV?) agrees with RAA

but p-value is 13% only

FC limits are not shown

- hard to compare them with other experiments

NEOS-IT took data 500 days in 2018-2020

Results on sterile v search at the next talkl
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— RAA95% CL
*  RAA: best fit

o ol \
STEREQ 95% CL
v—gfggvfrl‘er = == CLs sensitivity
CLs exclusion
- wm 2D sensitiyity
1.6 ton LS(6d) 6 cells L —— =
L=9.4-11.2m sin?(20),)
0:/E=9% at 1 MeV Data consistent with no oscillations, p=0.52
13 257(202
PSD Nature 613,257(2023)
S/B=0.9 Neutrino-4 best fit point excluded at 3.30
ILL 58 MW Reactor (but not the whole preferred region)

Large fraction of v, parameters

preferred by BEST was excluded 1o



PROSPECT Final Osc: Probing L/E

PROSPECT is a 4m3LS (°Li) detector at 85MW HIFR reactor

PROSPECT increased S/B ratio from 1.4 to 3.9 by inclusion of
segments with 1 PMT and more than doubled the statistical power
C. Roca: Poster #470

No obvious oscillatory behavior is observed
D. Venegas-Vargas: Poster #383

1.2
—8— Data/Null
1.15 — Neutrino-4/Null
‘[ — Best Fit/Null ‘
: -%' M il
| lin
H [ 'L

0.9
H  PROSPECT, Neutrino 2024, arXiv[2406.TBD] {

Ratio

1.1

1.051

Thanks to B. Littlejohn
for PROSPECT slides
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PROSPECT Final Osc: Exclusion

Tested sterile neutrino phase space

D. Venegas-Varqgas: Poster #383

using 990 energy (33) x baseline (6) x period (5) bins.

— Used a ‘relative spectral ratio’ approach with a CNP ¥ test statistic: compare
each baseline’s energy spectrum to the baseline-integrated spectrum

PROSPECT, Neutrino 2024, arXiv[2406.TBD]

Final result is still
statistics-limited.

PROSPECT provides new

world-leading limits on

sterile neutrino oscillations

— New regions of high-Am? space

are excluded at >95% CL,
including all space below
10 eV? suggested by the
Gallium Anomaly

Neutrino-4 best-fit point is
ruled out at >50 CL but not the

whole Neutrino-4 allowed region
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Strict limits on v, mixing in a huge range of Am? by a combination of experiments
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https://agenda.infn.it/event/37867/contributions/227676/

DPS Joint Oscillation Analysis

A combination of Daya Bay, PROSPECT, and STEREO datasets offers

new benefits for sterile oscillation searches

PROSPECT and STEREO datasets have comparable statistical power

Daya Bay’s LEU-based 2*°U spectrum

measurement is directly comparable
to HEU STEREO and PROSPECT
measurements

Additional sterile sensitivity unlocked
by comparison of long (Daya Bay) -
and short (STEREO, PROSPECT) ]
baseline energy spectra

(ala NEOS/RENO)

Analysis work started between .
three collaborations in late
2023. Stay tuned!
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PROSPECT-II Future Physics Highlights

HEU campaign:

O. Benevides Rodrigues:
Poster #421

— Close out remaining BEST and Neutrino-4 suggested space below

20 eV?

— Pin down e-flavor disappearance to few-% level at <10 eV?,

benefitting anomaly and long-baseline

CPV interpretations
Subsequent LEU campaign:

— First correlated probe of HEU/LEU types

— Delivers more precise isotopic Ve flux/
spectrum information, broadly benefiting

reactor-CEVNS, nuclear data/applications i
1

Gebre, Littlejohn, Surukuchi, PRD 97 (2018)
Fujikake, Littlejohn, Benevides Rodrigues, Surukuchi,

PRD 107 (2023)

.. Precision on o; (%)
CEI.SB DESCHPUDH 235U 238U 239Pu 2-’10Pu 241Pu
- Existing Global Data 1.3 (264|252 | - 42.6
1 HEU + LEU |16 [11.1] 46 | 105

T Phvs G 49 (2022)

Am,,%(eV?)

T
90% CL

— PROSPECT-Il, Nominal Parameters 2 Y HFIR
- —PROSPECT-Il, 2Y HFIR + 2% PWR
— PROSPECT-Il, 4 ¥ HFIR + 2% PWR
. — D¥YB Current Exclusion

KATRIN Expected Sensitivity, 35% CL_.FF
——LBL CPV Ambiguity Limit
[ SBL + Gallium .Emcnmaly RaA, 85% CL
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Solid
Background problems. Phase-I results are expected at ICHEP 2024

Ve
SLiF:Zn$S scintillator layer
< / 2 .
Scintillator / T
5x5x 5cm? PVT cubes  (12800) %‘
— Non-flammable scintillator , 10! -
> 4 RAA 95% CL |
Cubes are optically separated ol
; SolLid
using Tyvek wraps Heflective woepk Praliriliary

I
6L|F ZnS(Ag) screens for neutron identification \

i BiPo background - L 5 ma
: . _— . . H = )
Internal radioactivity from ZnS layers contamination ,% so0 LD Galbms i TAUP 2023
i External Radon decay. i £ { A
: 2381 ;
R 214B B/ 2(11‘;»4#) E Phase I
N S J S/B=0.27
B say, B Pe Pl 296441605 events
(1.3 min) E 1 ‘ |
MCMC Sensitivity, 90% CR
‘ \ * Prompt: B (+Y) Wilks 2D Sensitivity 90% CL
i 10~}
* H 102 101
Y Delayed: o sin2(2614)

E A—I—prompt-delayed ~ 250 IJS E 21



A 2.8(1.0 fiducial) ton LS(6d) with 10m3 SiPM readout at 44m from 4.6G6W reactor

JUNO-TAO
arXiv:2005.08745v1, arXiv:2405.18008v1

Excellent energy resolution of 1.8% at 1 MeV. About 1000 IBD events/day

Sensitivity to v, estimated for 3 years and L=30m using Gaussian CLs method
and 4 virtual detector segments. Should be shifted to lower Am? (factor ~1.5)
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Combined fit of SBL experiments

10 — 10 r |
| Combined - | Combined
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30 30
< <
@, < @,
1+ 1 F
S e o o
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20 20
—— NEOS/Daya Bay (2017) —— NEOS/RENO (2021)
—— DANSS (2022) —— DANSS (2022)
—— PROSPECT (2020) —— PROSPECT (2020)
—— STEREO (2020) —— STEREO (2020) —_—
—— Bugey-3 (1995) —— Bugey-3 (1995)
10—1 ! T | L1 10—1 1 O T T e el | 1 Tt 1T 111
107* 10 16 107" 1 107* 107 1072
SiN29e Giunti et al, arXiv:2209.00916 SiN%20e

(Neutrino-4 not included)
Fit with NEOS/Daya Bay - 3.10

Fit with NEOS/RENO - 2.6 Weak indication of Sterile neutrino

But fit assumes validity of Wilks theorem =» overestimation of significance
Another fit (J.Berryman et al. JHEP 02 (2022) 055) gives even smaller significance of 1.1 ¢
New experiments are needed to clarify the situation.

Upgraded DANSS, Neutrino-4, and PROSPECT will give answer in few years
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Conclusions

- RAA is probably explained by smaller 235U contribution preferred by new

experiments and new Reactor flux models.

(Maybe due to too high g of 297Pb(n,y) used in ILL analysis (see talk by A.Sonzogni))
However measured antineutrino spectrum does not agree with models
There is also disagreement between conversion and summation models

- Neutrino-4 claim of v, observation is in serious tension with many results
but not excluded
- Upgraded VSBL reactor experiments (DANSS, Neutrino-4+, PROSPECT-IT) and
KATRIN will clarify the situation with the Neutrino-4 claim.
- Most probably Neutrino-4 will be the first to check its claim of v, observation
However independent checks are very important

- Reactor experiments with analysis of absolute v rates exclude practically the
whole range of v, parameters preferred by BEST

- PROSPECT excludes BEST results up to 10 eV? at 95% CL

- KATRIN excludes high Am? region

Upgraded VSBL reactor experiments KATRIN and JUNO-TAO will scrutinize

BEST results in a reactor model independent way.

Global spectral analysis still indicates v, with a small sin?26 ., at ~(2-3)o

Upgraded VSBL reactor experiments will clarify the situation

Experimental evidence for v, is fading away ”



Backup slides
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Gallium Anomaly (GA)

Deficit of v events in GALLEX and SAGE calibrations with radioactive sources
=» GA - 3.00 (Giunti, Laveder 1006.3244)

Recently BEST confirmed GA with more than 5o | arXiv:2109.11482 ;
1.2 Cooling system
: ] -
L1f
of | T
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b 0.8; } { % Ga o ;
07k T | 3.4 MCi Stcr
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<) <) (:‘xa
No difference between inner and outer 1&;—4
Tar'ge’rs Rin =0.791£0.05 and Rout = 0.766%0.05 2

= No sign of oscillations. Only rate difference

Significant deficit implies large mixing 26



Serious tension with many experiments for v, interpretation

DANSS 90% MicroBooNE (sin? 26,, = 0) - AllGa3o

Prospect 95% MicroBooNE (sin? 26,, marg.) — AllGalo

Stéréo 95% — RAA 95% (allowed) — All solar z,'s 95%
RENO+NEOS 95% — Neutrino-4 26 (allowed) Excluded by VSBL

KATRIN 95%

Am? (eV?)

_l 1 L 1 1 { o ) | 1 1 1 1 ol | I ‘ l 1 1 L 1 kb4
10703 102 10T 100
sinZ26

However perfect agreement with Neutrino-4 and
MicroBooNE 2.4g indication of v, : sin226,, = 0.35+019,,, Am?,,=1.25 074 . .eV?
Denton arXiv:2111.05793

= Look for alternative explanations of GA
See comprehensive review by Brdar, Gehrlein, Kopp arXiv:2303.05528 27



https://arxiv.org/abs/2111.05793

12B decay reconstruction in 2 production channels at DANSS
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