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where     

matter 

current

matter 

polarization

It is supposed that there is a macroscopic amount of 

electrons in the scale of a neutrino de Broglie wave

length. Therefore, the interaction of a neutrino with 

the matter (electrons) is coherent.

This is the most general equation of motion of a 

neutrino in which the effective potential 

accounts for both the charged and neutral-

current interactions with the background matter 

and also for the possible effects of the matter 

motion and polarization.

Addition to the vacuum neutrino Lagrangian

L.Chang, R.Zia,’88; J.Panteleone,’91; K.Kiers, N.Weiss, 

M.Tytgat,’97-’98; P.Manheim,’88; D.Nötzold, G.Raffelt,’88; 

J.Nieves,’89; V.Oraevsky, V.Semikoz, Ya.Smorodinsky,89;

W.Naxton, W-M.Zhang’91; M.Kachelriess,’98; 

A.Kusenko, M.Postma,’02.
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The Sarov Tritium Neutrino Experiment (SATURNE) is part of the research 

program of the National Center for Physics and Mathematics founded in 2021

The main goals of the experiment are

• first observation of coherent elastic neutrino-atom scattering (CE𝜈AS)

• search for neutrino magnetic moment

using a high-intensity tritium neutrino source: at least 1 kg, possibly up to 4 kg of T2

Copyright: © DNK ag
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CE𝜈AS vs CE𝜈NS

CE𝜈NS: Coherent Elastic Neutrino-Nucleus Scattering

predicted by D. Z. Freedman, PRD 9 (1974) 1389; 

V. B. Kopeliovich & L. L. Frankfurt, ZhETF Pis. Red. 19, No. 4 (1974) 236

observed by D. Akimov et al. (COHERENT Collab.), Science 357 (2017) 1123
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CE𝜈NS: 𝐸𝜈 ≲ Τ1 𝑅nuc ~ 200𝐴− Τ1 3MeV

CE𝜈AS: 𝐸𝜈 ≲ Τ1 𝑅atom~ 1 − 10 keV
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M. Cadeddu, F. Dordei, C. Giunti, K. Kouzakov, E. Picciau, A. Studenikin, PRD 100 (2019) 073014

He-4 atomic-recoil spectrum with tritium ҧ𝜈𝑒

500 kg of helium
60 g of tritium
5 yrs of taking data
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Summary and outlook
The Sarov tritium neutrino experiment aims at 

(i) first observation of coherent elastic neutrino-atom scattering 

to test SM neutrino interactions at unprecedentedly low energies  

(ii) search for neutrino magnetic moment

A high-intensity tritium neutrino source is being prepared

- at least 1 kg, 10 MCi (possibly up to 4 kg, 40 MCi)

A 1000-L He II detector is being developed (to be ready by 2027)

- observation of CEAS (2032)

- sensitivity to ~(2-4)x10-13 B (2032)

A 4-kg Si detector is being developed (to be ready by 2026)

- sensitivity to ~(1-1.5)x10-12 B (2027)

A 14-kg SrI2(Eu) detector is being developed (to be ready by 2025)

- sensitivity to ~(1.5-2)x10-12 B (2026)
15
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Global map of CE𝜈NS experiments

[C. Bonifazi, Neutrino 2022]

1

𝐸𝜈 ~ few tens of MeV

𝐸𝜈 ~ few MeV



CE𝝂AS: Coherent Elastic Neutrino-Atom Scattering

Yu. V. Gaponov and V. N. Tikhonov, 

Elastic scattering of low energy neutrinos by atomic 

systems, 

Yad. Fiz. (USSR) 26 (1977) 594 (in Russian).

Abstract. Elastic scattering of low energy neutrinos by atomic 

systems is treated. For the V variant of weak interaction scattering 

on the total system (on electrons, protons and neutrons) is 

coherent; for the A variant neutrino scatters coherently on using 

simple atomic systems. The result for an arbitrary atom is 

presented. The analysis shows that at neutrino energies ≲ 10 keV a 

region of coherent optical neutrino phenomena exists where the 

neutrino elastic scattering by an atom as a whole dominates.

1

So far there is no corresponding experimental observation. An 

experimental study of CE𝜈AS could provide a unique test of the 

SM neutrino interactions at very low energies. 
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TES 

bolometers

array

Passive 

shield

He II (1 m3)

TiT2

Dilution 

refrigerator

Dilution 

refrigerator

½ 

model

Tritium neutrino source 

(1-4 kg, 10-40 MCi) 

- Tubular copper elements with TiT2

Helium II detector (1000 L) 

- Liquid He-4 at 40-60 mK

- Array of 1000 TESs (transition 

edge sensors) 

- 1000-channel SQUID readout

Expected results after 5 years of data collection

Number of CE𝜈AS events within SM: 60 for 1 kg of T2

and 200 for 4 kg of T2

Sensitivity to neutrino magnetic moment: ~(2-4)x10-13B at 90% C.L.

He II detector concept to study CE𝜈AS
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Sand (~5 m)

Soil (0.5 m)

Service

lift

Concrete (~0.5 m)
Waterproofing (bitumen)

2.2÷2.6 m cryo Не+TiТ2 cryo

Low-background neutrino laboratory in Sarov
@ All-Russian Research Institute of Experimental Physics, RFNC

The overburden of ~18 m.w.e. stops the soft and hadronic components of

cosmic radiation

Reinforced concrete (3.5 m)

Moscow

Sarov

522 km
207 km

Nizhny 
Novgoro
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