
Alexander Olshevskiy, JINR

International Conference on Quantum Field Theory, 

High-Energy Physics, and Cosmology

Dubna, 18-21 of July 2022



Acknowledgements 
� Most of the material is based on contributions to the XXX

International Conference on Neutrino Physics and Astrophysics,
Virtual Seoul, May 30 – June 4, 2022

� Many thanks to speakers: Yifang Wang, Silvia Pascoli, Joachim Kopp,
Matthieu Licciardi, Peter Denton, Carlos Delgado, Steve Elliott, Anne
Schukraft, HanyuWei and many other contributors

� Special thanks to my colleagues: Maxim Gonchar and Liudmila
Kolupaeva who are maintaining the site with new oscillation results
and their combinations: https://git.jinr.ru/nu/osc

2



Neutrino Oscilla/ons in Brief 
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• In addition to the vacuum oscillations an important effect due to propagation 
in matter was pointed out by Mikheev, Smirnov and Wolfenstein (MSW).
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Genesis of Neutrino Oscillations 
1957-1958 First proposal by Pontecorvo

1962 Maki, Nakagawa and Sakata

1968-1969 Pontecorvo and Gribov

Since 1970 Pontecorvo and Bilenky carefully and
systematically studied possible oscillation
scenarios and suggested their experimental tests

1987 
Review by 

Bilenky and 
Petcov
(500+)   

1978  
Review by 

Bilenky and 
Pontecorvo

(500+)   
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Discovery of Neutrino Oscillations 

(neutrino + Cl → Ar + electron) –
proposed by B.Pontecorvo and used
by R.Davis in Homestake

(neutrino + Ga → Ge + electron) –
suggested by V.Kuzmin and applied
in SAGE at Baksan and
GALLEX/GNO at Gran Sasso

also, Water Cherenkov detectors
Kamiokande and SK observed this
effect

Deficit of the Solar neutrino flux was observed using radiochemical methods:

Oscillations were the most plausible explanation of the deficit but there was a  
suspicion in the theoretical  uncertainties of the Solar neutrino flux prediction 
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for the discovery of

neutrino oscillations,

which shows that

neutrinos have mass

Macroscopic proof of quantum effects 

Fundamental information for 
understanding symmetries in Nature 

Possible source of lepton CP, which 
might be important for baryon 

asymmetry of the Universe 

Super Kamiokande S N O 
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Neutrino Sources and Detectors 

Reactor Accelerator Atmospheric

SuperK

Far Detector:

50 kt water Cherenkov 
with 11000  20” PMT  

IceCube

NOvA
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PMNS today

But we are missing: 

• ! Mass Ordering 

• CP phase (δ#$)measurement  
• &23 octant 

Also, general refinement of neutrino oscillation parameters is desirable 



How to measure θ
13 

?  

� Appearance probability at accelerators: 
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� Disappearance probability at reactors: 

Clean θ13 measurement, best at a distance of  ~ 1.8 km 

Very rich - apart from θ13 sensitive to θ23, δCP and MO, 
but this introduce degeneracy of these parameters 

� Clear strategy for complementary measurements at 

reactors and accelerators. 
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Results on θ
13 
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Results on θ
13 
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... and Δ"2
32
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Results on θ
12 

and Δ"2
21

Possible tension (1.5%) in Δ"2
21 between 

solar and reactor results  can be resolved 
with significant improvement by JUNO. 
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Results on θ
12 

and Δ"2
21
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Results on θ
23

and its octant

• T2K and NOvA will further slightly improve
sin2θ23

• New results (down to ~1%) will come from
ORCA, IceCube, DUNE and HK

• θ23octant can be probed with a good precision
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Disappearance at reactors 
(S.Bilenky and S.Petcov) 

(early 2000’s) 

Mass Ordering Measurement

Appearance at accelerators
θ23, δCP and MO 

(degeneracy) 

JUNO T2K, NOvA (T2HK, DUNE) 

Complementary  
to each other 

+ Super Kamiokande

Sensitivity to MO in Atmospheric data 
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Mass Ordering Results 
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CP phase (δCP) measurement 

T2K: baseline ~300 km 
energy ~0.6 GeV 
500->750 kW 

NOvA: baseline ~800 km 
energy ~2.0 GeV 
900 kW 

so, nearly the same oscillation 
phase (L/E) , but : 

• significantly different sensitivity 
due to matter effects 

• different ! energy and 
interaction x-section systematics 
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CP phase (δCP) measurement 
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CP phase (δCP) measurement 

KNO: T2HK + second WC detector in Korea 
ESSnuSB: European Spallation Source neutrino 

Super Beam 

THEIA: 50-100 kt WbLS detector at Sanford 
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Evolution of Oscillation 

Parameters Precision 

~4%

~1% 

~4% 

~2% 

~3% 

-

~1%

~0.2% 

~0.5% 

~0.3% 

~3% 

-
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nt 
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Unitarity of PMNS matrix 

0.22  0.27  0.40 

0.05
0.04

0.82

3! deviations from unitarity
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Search for Additional Neutrino States 

Limits on active neutrinos: 

• N = 2.9841 +- 0.0083 from Z invisible width 

• N ≲ 3.16 and Σ#$% < 0.12 eV from cosmology 

But additional (sterile) states are not excluded: 

• Neutrino mass generation (seesaw, > TeV) 

• Baryon asymmetry  (leptogenesis, >> 100 GeV) 

• Dark matter (~ keV) 

• Oscillation anomalies (~ eV) 

Due to (very) short distance oscillations 
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Reactor An+neutrino Anomaly 

Flux from reactors was by ~2.7! below prediction of the HM-model, 
which was using old ILL data. Plausible explanation by short distance 

oscillations:  

The shape difference studied by different experiments 
suggested that the problem is in the U235 isotope. 

New data were obtained at KI research reactor on the 
ratio of cumulative beta-spectra of U235 and Pu239 , 

showing systematic normalization problem with ILL 
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Reactor Antineutrino Anomaly 

After this is accounted for, the new calculations are much better (~1!)
consistent with the data 

So, the (flux) Reactor Antineutrino Anomaly seems gone, but in the
meantime a search for (very) short distance oscillations was performed by
many experiments: DANSS, NEOS, PROSPECT, STEREO, Neutrino-4, … ,
studying IBD rates at different distances from cores of commercial and
research reactors
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Neutrino-4 Prospect Stereo DANSS 

• Reactor Antineutrino Anomaly is excluded at 95 % CL up to Δm2 ≈ 5 eV2

• Neutrino-4 hint (<3!) at Δm2 = 7.3 eV2, sin22θ = 0.36 exists 
but is excluded by PROSPECT (>95%CL) and STEREO (>3σ) 

• New results, especially after ongoing upgrades of Neutrino-4, PROSPECT and 
DANSS, are eagerly awaited. 
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Ga/Ge Detectors Calibration Anomaly 

• Neutrino radiochemical detection
reaction (! + Ga → Ge + e– ) was
applied in SAGE at Baksan and
GALLEX/GNO at Gran Sasso.

• Calibration with radioactive sources
showed deficit of the neutrino flux.

4kg 51Cr ! source 

R=0.87±0.05
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Ga/Ge Detectors Calibration Anomaly 

4kg 51Cr ! source 

Sin22"=0.33
Δm2=1.25 eV2
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LSND Anomaly 

Los Alamos Neutrino Detector -
pion decays at rest experiment 

Δm2=1.2 eV2, sin22"=0.003

MiniBooNE at Fermilab – pion 
decays in flight (possible + and -) 

MicroBooNE – precise LAr detector at Fermilab to study neutrino 
events and possible backgrounds – didn’t rule out the MiniBooNE
allowed region. More exps are coming (SBND, ICARUS, JSNS2,…) 
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3+1 Scenario 

• (3+1) picture describes anomalies better than 3f , but 

• it is internally inconsistent (tension between App and Disapp data) 

• in addition, trying to introduce decay, decoherence, NSI, … 
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3+1 Scenario 

• (3+1) picture describe data, but an internal consistency is rather low. 
In addition, trying to improve by adding decays, decoherence, NSI, … 

• N ≲ 3.16 and Σ#$%≲ 0.12 eV from cosmology (Planch measurements)  



32

Summary

• Significant progress in establishing oscillation phenomenon 

• Many new fundamental projects running and being prepared: 

JUNO, IceCube and KM3NET, HyperK and T2HK, DUNE 

• Very good chance of getting in ~10 years further improvement of 
oscillation parameters, including an information on !23 octant, 
MO and leptonic CP violation 

• Present data consistent with the 3f oscillation picture, but several 

anomalies exist, hinting not necessarily to the existence of sterile 
states, but certainly to something not yet understood 

• Very bright future ahead


