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Environmental neutron sources: CR & Radon-due neutron production
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OHEPreTUYECKNI CNEKTP FEOHENTPOHOB

Vega-Carillo et al::Geoneutrons. Radiation Physics and Chemistry, 2022, Article 110215

Energy and emission probability of a-particles produced by radioisotopes in soil.

Radicisotope Ez (pa)

[MeV] [4]

Z12gj 6.089 (27.12), 6.051 (69.91), 5.768 (1.7), 5.626 (0.157), 5.607
(1.13), 5.481 (0.013), 5.345 (0.001), 5.302 (0.00011)

I3pg 5.785 (100)

Z18pg 6,778 (99,99), 5.985 (0.0019)

IiRa 5.685 (94.92), 5.449 (5.06), 5.161 (0.0071), 5.051 (0.0076), 5.034
(0.003)

20pn 6.285 (99.586), 5.747 (0.114)

228Th 5.423 (73.4), 5.340 (26.0), 5.211 (0.408), 5.173 (0.218), 5.138
(0.038)

233Th 4.012 (78.2), 3.947 (21.7). 3.811 (0.069)
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YeM n3amepsaTb NOTOK TEMMOBbIX HENTPOHOB?

MepBoe, YTO NPUXOOMT B rOMOBY — 3TO CYLLIECTBYHOLLASA CETb HEMTPOHHbLIX MOHUTOPOB
(HM).

Ho oHn coBepLUeHHO He npurogHbl Ans atoun yenu! Noyemy?

[a notomy, 4TO uUX pas3paboTymkmn CTaBunNu Nepeq cobon apyryro Lenb:

MaKCUMarbHO 9KpaHMpPOBaTb AETEKTOPbI OT BAUSAHUA BHELLUHUX 0AKTOPOB, TakMUX Kak
norogHble sIBMEHUs, OcadKkn, TemrnepaTypa cpeabl U npodee, YTobbl NU3MEPSATL MOTOKN
KOCMUYEeCKUX nyvyen. EqMHCTBEHHbIN pakTop, BNMAKOLWLNK Ha nokasaHna HM, ato

aTMOCC*)epHOG AaBlrieHne, Ha KOTopoe BBOOAUTCA NOMpaBKa.

Mbl cTaBuM nepen cobonm obpaTHyk 3agady — perncrtpaumsi NpupogHOro rnotoka TennoBbiX
HENTPOHOB (rEOHENUTPOHOB), HAaXo4sLLErocs B paBHOBECUN CO Cpedoun, U n3ydasi Bapmaunm aToro
NoTOKa, u3ydaTb AMHAMUKYy W CBOWMCTBaA cpedbl. [Ona 3TOro0 HYXHbl HE3KpaHMPOBAHHbLIE
OETEeKTOpbl TENMOBbIX HEWTPOHOB OonblioM nnowaau u obnagawowmne A0CTaTOYHOU

9P HEKTUBHOCTBLIO U AONTOBPEMEHHON CTAaOUNBbHOCTLIO.

CTeHbknHHO:B, = BKKI1-2022 6



cTopuyeckmin 063op
BnepBbie BONPOC 0 HEMTPOHax B atTmocdepe bbla pacCMOTPEH TEOPETUYECKM B. Knaccuyeckon paborte

Bethe et al.(H. A. Bethe, S.:"A.Kroff, and G. Placzek, Phys. Rev. 57, 573 (1940)) ewe 82 rona Ha3aa. bbino
NOKa3aHO, YTO HEMUTPOHbI HE YCNEBAKOT YUTU AANEKO OT TOYKU POXKAEHMA U YTO UX NOTOK HaZ BOAOM Mma.

OpHa 13 nepBbIX NOMNbITOK 3KCNEPUMEHTANbHOFO U3Y4YEHMSA NPUPOAHbIX NOTOKOB TEMAOBbIX HEMTPOHOB
6bina npegnpuHata B CCCP B cepeanHe npoLuioro Beka. B pabote lopwkosa n gp. ( G. V. Gorshkov, V. A.
Zabkin,~ N. M. Lyatkovskaya, and O. S. Tsvetkov, Natural Neutron Background of the Atmosphere and the
Earth’s Crust (Atomizdat, Moscow, 1966) MCNONb30BANUCH OTKPbITbIE CLUUHTUANALMOHHbBIE AETEKTOPbI
TEen/IoBbIX HEMTPOHOB Ha OCHOBE ZnNS 1 BbII0 NOKa3aHo, YTo B6/IM3M NOBEPXHOCTM 3eMAIN OCHOBHAA 4acTb
HEWTPOHOB CO34QETCA KOCMWYECKUMMU Ayd4amu. bBbia  TakXKe OTMEYeH W BKNag — ecTecTBeHHOM
PaANOAKTUBHOCTU B reHepaL o HEMTPOHOB.

Mo3ke aTa paboTa 6bl1a NpoaonrkeHa rpynnoi ns HUMAD MTIY nog pykosoactsom b.M. Kyrkesckoro (B.
M. Kuzhevskij, Geofiz. process i Biosfera 4, no. 1/2, 18 (2005); B. M. Kuzhevskij, O. Yu. Nechaey, and E. A.
Sigaeva, Nat. Haz. Earth Syst. Sci. 3, ....). OHM Mcnonb30Bann rasoBble AETEKTOPbI, HanonHeHHble He-3. B
3TUX pPaboTax MCKaAUCb (M, Kak NPaBUAO, HAXOAMUINCL) KOPpPenAuMu MOTOKa TennoBblX HEUTPOHOB C
PA3NNYHbIMN reoPpUn3nYeckUmmn aBneHnamm. K coxaneHuto, paborta cyetynkos Obia He cTabuabHOM, YTO

BUOHO U3 npuBeaeHHbIX B CTaTbAX rpachKax.



K coxaneHuio, BO MHOIrMX pabotax no nasMmepeHunto NPMpPoaHbIX HENTPOHOB
ObIN0 «0BHaAPYXEHO» MHOIO PasfnNMUYHbIX «aHOManumu», KOTopbiM gaBannch
camble abCcypaHblie 00bACHEHUS:

«  Pe3kne «Bo3pacTtaHusa» BO BpeMs [pos;

« «Bcnneckny Bo BpeMsl COfIHEYHOro 3aTMEHUS;

« «Bcnneckny Bo BpeEMS UK 4O UK NOcrie 3eMNeTPACEHNI;

*  «aHOMarnbHbIE NPUNUBHbLIE BOMHbLI» N T. 4.

Ha mon B3rnsaa, npobrniema-cocTouT B TOM, YTO 3TU.TEMbI NPUBNEKAIOT N0OEN
N10X0- 3HAKOLWMX ~BKCNEPUMEHTaNbHYO AAepHYI0 OU3KUKY, UCNOSb3YITCH
cTapsble, npocTenLiue MeTOoAb! HabMoaeHNN, Tuna. . OeTekTop->
OVCKPUMUHATOP ->  CYETUYUK MMMNYnbCoB. B pesynkrate, 3a HEUTPOHHLIE
BCObILLKN, YaCTO- IPUHMMAIOTCA Mavku, UMIYSIbCOB QT NOMEX U HaBOAOK. ITO
0COBEHHO aKkTyanbHO NpuU N3MeEPEHUAX BO BPEMS [PO3.

Hy)XHa coBpeMeHHas MeToguKa C MONMHOU OLMMPPOBKOU CUrHAIOB K UX

dounnsTpaumen no popme nmnynbsca.



5_3I\'C1'[8})I/]M€HT&"H:-HBI€ JAaHHEIE ¢ KaMUYaTCKOMI YCTaHOBKH,

PucyHok 13 ctatbu

1073 08-09.05.2002 Kyxxesckui, 2005
BBt ACHO, YTO TaKoro «BO3MYyLLEHUS
o HENTPOHHOrO MoMNgA» NMPOCTO HE MOXET
— 3_
¢ 1073 ObITb B Npupoae.
2 ] A HasbIBalo 9TO «3PPEeKTOM
5 105 YalHuKar, T. e. cpabaTbiBaHne o1
100: e — BKINIOYEHUA PAAOM C AETEKTOPOM
1200 1600 2000 2400 400 800 1200 “KAKOro-nndo anektponpubopa; rnpu
08.05.2002 Bpewms UT, 1 09.05.2002
OTCYTCTBUM KOHTPONSA dOOpMbI
Puc. 3. Bosmymenne HeHTPOHHOTO oA 3eMiIH,

NMryrbca.

3aperHcTpHpOBaHHOE Ha KamMuaTke, B TOUKe ¢ KOOPAHHATAMH:
5249 cm. u 158°07 B.a.(0 ocH abcmHce — MHPOBOE BpeMA4,
0 OCH OpIHHAT — KOIHYECTBO 3aperHCTPHPOBAHHBIX
HEHTPOHOB 3a IATh MHHYT). UYepe3 cyTKH Ha KamuaTke
NpPOH30MIT0 3eMIeTpACeHHe ¢ MarHHTygon 4.7 Oamna.
Koopaunate! snunentpa: 52.27° c.m. u 160.50° B.1.

ACHO TakxkKe, YTO Koppensuum ¢ 4Yem yrogHo,
BCerga HavugyTcs

Tem He MeHee, paboTbl ATOW rPynMbl MHALMMPOBANN Hall MHTEPEC K AaHHOW npobneme.

Boobuie Ha 3Ty TeMy CyLLEeCTBYET MHOXECTBO Myonunkaunm, B TOM Ymcne n B 3apybexxHblX

XXYpHanax, HO UX coaepXXaHue BbI3biBAET NOPON n3ymrieHne. Bot npumep:

Makcydoe& 3ychapos. Earthquake science. (2017) 30(5-6):283—-288. Measurement of neutron and

charged particle fluxes toward earthquake prediction, roe He NPoOCTO «ycTaHOBSIEHA CBSA3b

HEMTPOHHOIO MOTOKa C 3eMMETPSICEHNAMNY, HO BCEPbE3 YTBEPXKOAETCS, YTO PEMMCTPUPYEMbIE

NMW HEUTPOHBbI «NPUIieTenny» B TallKeHT U3 AnoHun, npuyem 3a 2 gHa 0o Hadvana tam 3T ¢ M5.2 !
CTeHbknHHO:B, = BKKJ1-2022 9



Geophysical researches with thermal neutrons

« Seasonal variations

« Moon tidal waves

* Neutrons In thunderstorms
 ‘Forbush-effect and environmental neutrons
« Barometric pumping effect for neutrons

» Earth free oscillations in neutrons

« Earthquakes

e Strong magnetic storms
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ONMEKTPOHHO-HENTPOHHBIV OETEKTOP

Boron scintillator compound

(~20% efficiency at 50 mg/cm?)

2SR R e Detector-counting fate ~0.5// s-at Surface
’ and0.08 /s at:BUST

77

Kpome 3Toro, aH-AeTeKTopbl YyBCTBUTENbHDI K 3-
pacnagam Bonu3u getekropa u, TeM camMmbliM,
YyBCTBUTESbHbI K KOHLIEHTpaLMN pagoHa n ero
NPOAYKTOB B BO3OyXe, paclumpsasa TeM caMbiM 0bracTb
NX NPUMEHEHNA ONs reoPusndecknx nccregoBaHumn.

Light collegting cone

ENDA;

All pulses are digitized and
Its shape Is analyzed on-line

N
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For comparison: how do our en-detectors work for a long period

n-PST (deep underground: depth=850 hg/cm2)
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Only seasonal wave with amplitude
of ~25% is seen in neutrons deep

underground

g
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seasonal wave with amplitude ~10%, Forbush deceases
and 'snow covering are seen at surface detector

NTak, chopmynupyem TpeboBaHUs K NPOBEAEHUI0 reopnsnyeckmx nccregoBaHnm ¢
NOMOLLIbIO N3MEPEHUN TEOHEUTPOHOB:
« [leTekTOpbl OOMKHBLI 06MagaTh BbICOKON 3GEKTUBHOCTLIO U AONTOBPEMEHHON CTabUNBbHOCTLIO
* Bce mnynbcbl OomKHbI oundpoBbIBaTLCA U 0TBUpaTbCs No dopme

« Crapble cUCTEMbI, TUMNA OETEKTOP — ANCKPUMUNHATOP — CHETUUK AOSTKHbI BbITb NCKMNHOYEHDI

* KVcnonb3oBaHne rasoBbiX CHETYMKOB He XenaTerbHO.



Kapta muposou cetu dH-letekTopos

* 1. Mockea: MU, MI'Y, UA PAH

o 2. bakcaHckas HentpmnHHaa ObcepBaropud

3. Tnber, r-Jlxaca, TnbeTcknn yHUBEpPCUTET

4. [letponasrnoBck — Kamyatckuun: UHCTUTYT
ByfikaHosormn v cencmonornn ABO PAH
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Pe3ynbratbl NONy4YeHHbIe C MOMOLLbLIO 3H-AETEKTOPOB B reodusmnke:

Forbush decreases
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V. Alekseenko, F Arneodo, et al. Registration of Forbush decrease 2012/03/08 with a global net of the
thermal neutron scintillation en-detectors. Journal of Physics:Conference Series 409 (2013) 012190



week ending

PRL 114, 125003 (2015) PHYSICAL REVIEW LETTERS 27 MARCH 2015

Decrease of Atmospheric Neutron Counts Observed during Thunderstorms
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FIG. 3. Noise pulse shape produced by lightning.
corrected data.

Summary: no any neutron excess during thunderstorms but instead sometimes we see decrease of neutron flux
(after a dry period)



Delayed barometric pumping effect in underground neutrons

Thermal neutrons underground, 25 m of w. e. (MSU basement)
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2-day delayed correlation
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This effect should be taken into account in underground experiments ( DM or 2, etc)



3agep>XaHHbI HENMUHENHbIN NaMANHI-adOdEKT and ramma-goHa (yct. n-MSU)
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Fig. 3. (In color online) Daily energy spectra of the
gamma-ray background on February 6, 2020, (/) and Feb-
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Fig. 4. Gamma-ray background intensity normalized to
the value averaged over the entire time of ohservations ver-

sus atmospheric pressure.

ruary 4, 2020, () and their difference (3).

Stenkin et al. Journal of Experimental and Theoretical Physics, 2020, Vol. 131, No. 3, pp. 418-421.
Qd ekt obHapyxeH B noasemHoun nadopatopum LLATI-MITY. TposenaeTca TonbKo npu

adHOMaJ1IbHO HN3KOM aTMOC(bepHOM AaBneHnn

This effect should be taken into account in underground experiments ( DM or 2f3, etc)
CTteHbKknHHO:B, = BKKJI-2022
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Contents lists available at ScienceDirect

Journal of Environmental Radioactivity RiBiiierae

journal homepage: www.elsevier.com/locate/jenvrad

Journal of Environmental Radioactivity 208-200 (2019) 105981

M7.8 MET
M7.3 ME.2

Y. Stenkin, et al
Response of the environmental thermal neutron flux to earthquakes
Table 1
Main shocks of Nepal earthquakes in April-May 2015. S
0.15
Date uUTC deg., N deg., E depth, km MIw
25.05.2015 0&: 11: 26.9 28.24 B4.74 15 7.8
25.05.2015 06: 45: 22.2 28.29 84,90 15 6.7 R
26.05.2015 07: 09: 10.3 27.86 86.08 15 6.7
12.05.2015 07: 05: 15.0 27.89 86.17 10 7.2
12.05.2015 07: 36: 53.7 27.65 86.31 10 6.2 0.05
It is believed that radon concentration could be used as a precursor 0.00
of earthquakes ((Cicerone et al., 2009)) due to its long (2.8 d) half-life
that allows its migration for longer distances both in air and soil
compared to thermal neutron diffusion length (corresponding to a few 03

meters in soil and tens of meters in air). Radon could migrate for much
longer distances than neutrons inside the soil (up to 15-20m, de-
pending on the soil conditions). We should emphasize that neutrons are

Table 2

I Gh-smoothing

2 4 B 8 10 12 14 18 18 20 22 24

days since Ap. 22, 2015

25,04

12.05

Parameters of the most significant peaks (5 =6 ) in detectors 1 & 4 (sum of normalized neutron and charged particle signals in standard deviations).

Date (day. month. year) Signal in dl (o} Signal in d4 (o) Event Comments

07.02.15 9.2 7.1 ? not understood

26.04.15 9.6 9.4 25.04; Nepal M = 7.8; 3 huge EQs within —0.5 and —25h between them and many aftershocks
25.04: Nepal M = 6.7;
26.04: Nepal M = 6.7

12.05.15 6.7 6.3 12.05: Nepal M = 7.3; 2 huge EQs within —0.5h between them
12.05: Nepal M = 6.2

29.03.16 6.2 6.7 ? not understood

08.05.16 9.0 6.3 08.05: Magnetic storm Kp = 7 big magnetic storm

12.10.16 10,9 B.4 11.10: Nepal M = 4.6; 2 EQs within —24h between them
12.10: Nepal M = 4.1

Crenpkud [0.B. — BKKJI-2022 ‘ A9
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C6o1i chasbl CYyTOYHOW BOMHbLI B AHU 3EMNETPSACEHUN

HopmanbHasi BonHa , ~ HewtpoHHas BonHa B aHn 3T

Mepal ECQs
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Fig. 1. Diurnal wave observed in the PRISMA-YBJ EN-detectors (“neutron” and Local time T, h

“charged” channels, see text) and in absolute temperature inside the experi-

Fig. 5. Neutron diurnal waves for the earthquake days and the following ones.
mental hall (in K degrees) normalized to 0 °C vs astronomical local time, Circles

The colors correspond to the different days. The arrows pinpoint the occurrence
indicate Sun upper (yellow) and lower (black) culminations. (For interpretation

e - of the strongest earthquakes in the Nepal region and the corresponding mag-
of the references to color in this figure legend, the reader is referred to the Web nitudes. (For interpretation of the references to color in this figure legend, the
version of this article.)

reader is referred to the Web version of this article.)

[unotesa: yBennyeHne NopmcToCTn rpyHTa rnpu BCTPSCKE yCKopsaeT anddysuio pagoHa
N MeHAET pasy CyTOYHOW BOrHbI B HEUTPOHAaX

Crenpkun 10.B. — BKKJI-2022 _ 244"
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Pure Appl. Geophys. 174 (2017), 2763-2771
© 2017 Springer International Publishing - N
DOI 10.1007/500024-017-1545-7 IPure and Applied Geophysics
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Seasonal and Lunar Month Periods Observed in Natural Neutron Flux at High Altitude

R
Yurt Stenkin, 2 VicTor ALEKSEENKO,! ZEYU CA[.,3 Zien Cao,* Cravnio CATTANE{],j SHUWANG C.u,3

5.6 2 47 3 4 8 4

Euo GrovrerTy,™” Dvitry GrRomusHeIN,” Cong Guo,™' Xuewen Guo,” Hummar HE,” YE Lu,” XmnHua Ma,

OLEG SHCHEGOLEV, PIERO VALLA.\'LA,Q'LO CArRLO V[(K:R[T{],m‘“ and JING ZHAO"
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Figure 3
Seasonal effects for different parameters. a “Neutrons” and “charged” chamnels with 1-week smoothing; b “charged” channel with and
without 1-month smoothing; ¢ rainfall in mm/day (taken from http://rp5.ru); d air radon concentration measured by radon meters (Lukas cells)
in two spots of the ARGO-YBJ hall (ND—north and CD—central detectors) from Sep. 2013 till Aug. 2014 and averaged over 2 years
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M2 nonycyTtodHada npunmBHas BonHa (yctaHoBka «HentpoH» B MUOK)
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Ce30HHBIM dP(EKT B TEIUIOBBIX HEUTPOHAX II1y00KO 1Mo 3emieit (bHO)
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Fig. 1. Photo of the n-BNO experiment layout.
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P. BakcaH. HaBoaHeHue B uone 2018 .
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ObbacHeHne adbdekTa
Booa B ropHbIx pekax HacbllLeHa pacTBOPEHHbLIM pagoHOM
Mpw noBbILWEHNN YPOBHS BOAbl U BYpPHOM TeyeHun, Hag BoOOM
co3[aeTcs adpo30sibHOE 00ako

L
[

3apﬂ)KeHHble adpo30JIN XMBYyT MHOIO AorbLlie, 4YeM HE 3apAXKeHHble U
AOCTUrakoT AeTEeKTOPbl BHYTPW 30aHUA

<

Ocaxpasics Ha NMOBEPXHOCTb AETEKTOPA, MPOSYKThI pacnafa pasoHa,

XuByLume okono-20 MuH(Bi-214 n Pb-214) gatoT curHanbk-B AeTEKTOPE -
: Crenpkun HO.B. — BKKJI-2022



«PyKOTBOpPHbIE aHOManun» HabnogaBLLIMECA BO BpEMS NpoBeaeHus akcnepumeHTa BEST Ha BHO

B 2019 r. Ham npeacTaBUICs yHUKarbHbIA Cryyan
HabnoaeHnn Bo Bpemsi npoBeaeHust Ha bBHO
akcnepumeHta BECT C ICTOYHMKOM HEUTPUHO U

- ramMma-uanyyeHnsa Cr-51. SH-AeTekTop
pacnonararncs B TOM Xe LUTONbHEe Ha pacCTosAHUU

X
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T. 0. 3H-OETEKTOP MOXXHO UCMOSb30BaTh O4S19 MOHUTOPUPOBAHUS HE TOSbKO
reEOHENTPOHOB, HO N paduOaKTUBHbLIX a3P030J1EN.
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N-BNO

TPeHO B HEUTPOHaX
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CobcTBEHHBIE KONEDAHMA 3eMITN B TEMNSIOBLIX HENTPOHAX
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CKS3 ecTb BCceraa,
HO KONMUYECTBO «3BEHSALLINX»
MOA €CTb CllydanHasa BennynHa

Amplitude

®opbyLu-adhdeKT -0anH n3
BO3MOXHbIX NCTOYHUKOB
Bo36y>xaeHns CK3

OTO COBEPLLUEHHO HE nccregoBaHHasi 0bnacTb UccregoBaHNi,
KOTOPYIO Ha4van, HO ycrnes 3aKoH4YUTbL BUKTOp AneKceeHKo...
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3aKJII0OYCHNE

[IpupoiHbIE TEMIOBBIE HEUTPOHBI UJIIU TEOHEUTPOHBI - HAXOAATCS B

PABHOBECUM CO CPEJOM U, TAKUM 00pa3oM, 3aBUCST OT €€ COCTOSHUS

DTO 3HAYUT, YTO U3MEPSAS MPUPOIHBIE TETIJIOBBIE HEUTPOHBI, MOYKHO
CYIUTh O COCTOSTHUHU «CPEAbl UX OOUTAHUS» - aTMOC(HEPhI UJIH 3€MHOU
KODBbI, @ TAKXKE O IIPUPOJHBIX ABJICHUAX, HAPYUIAIOUINX PABHOBECUE

HewTtpoHHas pu3znka nmoMoraer «3anisiHyTh» Ha HECKOJIBKO METPOB

BHYTPb TPYHTa U MOHSITHh HEKOTOPHIE Fr€0O(PU3NIECKHUE TTPOLIECCHI.

[IpenmyI1iecTBO U3MEPEHNST HEUTPOHHOTO MTOTOKA HAJZl U3MEPEHUEM
KOHIICHTPALUU PaJOHA B BO3AYXE COCTOUT B TOM, YTO HEUTPOHBI HE
YYBCTBUTEIILHBI K JBHKCHUIO BO3yXa: BEHTWIALIMNA, CKBO3HAKAM U IIp.

C MOMOIIBIO SH-IETEKTOPOB YIOOHO MOHUTOPUPOBATH HE TOIBKO
TEIJIOBbIE HEUTPOHBI, HO ¥ KOHLIEHTPALMIO B BO3AYXE IIPOAYKTOB
pacraja paJIoHa.

Hcnonp30BaHUE HEUTPOHOB B T€O()U3UKE OTKPHIBAET HOBBIE BO3MOKHOCTH

J1714 TTOJTHOLEHHOT'O IPUMEHEHHUS TAHHOTO METO/Ia B CEUCMOJIOTUY HYKHA

CETh UJACHTUYHBIX YCTAHOBOK, HarlpuMep Ha KamyaTke, ¢ pacCTOSIHUAMU

~ 100 kM Mex 1y HUMHU.
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