Two years of iDREAM
antineutrino data-taking at
Kalinin NPP.

Aldiyar Oralbaev
NRC “Kurchatov institute”
30 of October 2023 .

,s\ »+ The XXVIl International Scientific Conference of IIU}  NATIONAL RESEARCH CENTER
‘Y "KURCHATOV INSTITUTE"

n““*“"ﬁ Young Scientists and Specialists (AYSS-2023) W~



Historic reference

* First observation of the antineutrino has
occurred 60 years ago;

* For the first time the antineutrino method
for reactor monitoring has been suggested
40 years ago. The fuel isotopic evolution of
the active zone leads to:

* Changes in antineutrino flux;
* Changes in antineutrino spectrum.

* Many proof-of-principle experiments were
carried out. The first one was the ROVNO
experiment more than 30 years ago.

* The quantitative studies are necessary
within nuclear safeguards framework.
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The iDREAMSs aims

* Key goal:

* Build the industrial neutrino detector for the applied researches based on the
proven technologies with the simple design for replicating;

* Implement complementary non-intrusive neutrino-based tool for the
monitoring of the reactor state and the estimation of the accumulated fissile
materials;

»Gain experience, studying new materials and solutions for future
industrial neutrino detectors, and provide them to Russian power
units, including floating power plants;

» Move towards precision measurements of the nuclear fuel burn-up.



Experimental cite
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Buffer
1730 mm
TG GC

D=1915 mm

1 (orange) — cast iron (14 cm)
2 (yellow) — lead (5 cm)

3 (brown) — pure p/e (10 cm)
4 (blue) — borated p/e (16 cm)
5 — detector

3 GW,, VVER type
power reactor core
(KNPP 3" unit, Russia)

- Target (TG) — Gd-LS (1 g/l) in an

inner SS tank, 1 m3

- G-catcher (GC) — LS w/o Gd in
an external SS tank, 1.8 m3

- Buffer — pure LAB, 0.5 m3

- 16 R5912 PMTs in the TG, 12 in
the GC

- Two muon veto plates on top
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Background in the laboratory
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Detection methods and selection cuts

) Delayed coincidence techni/qu\e:J
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Selected events

Delay
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The distribution of AT- time
difference between prompt
and delayed events

Positron energy
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The prompt energy
spectrum

Neutron energy
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The delayed energy spectrum

The data of more than two months of R-OFF period between reactor campaigns has been obtam




Response stability
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The response stability has been monitored via regular
calibration with radioactive sources 60 Co and 252 Cf.
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Fhe/gadolinium fraction has been calculated
following way:
Nga

Ngg + Ny

Roa—n =

The quenching function has been measured using
various sources: 207Bi, 137Cs, 54Mn, 65Zn, 22Na u
| 60Co.




Antineutrino signal
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The Rate analysis

Power-weighted rate , day‘1
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Outline

 R-ON 248.6 live days, R-OFF 39.5 live days data obtained;

* Data acquisition is planned till the next R-OFF period;

* The rate analysis showed the ability to register the fuel burn-up;
* Spectrometric features of the detector are investigating.

The iDREAM experiment at Kalinin NPP is supported by the Russian Science Foundation
(project No. 22-12-00219).
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