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Nuclide decay parameters are supposedly independent

of routine environment and are time invariant.
. : 239 235 4 e L.
Examples: Plutonium a - decay : Pu—-""U+ "He life-time 87,3 years
. 90 90 - = . .
Strontium B - decay : SI=>7Y +e +v, life-time 50,6 years

Last experimental measurements of nuclide decay parameters stability :

E. Rutherford, M. Curie, about 1920

New physics: in surrounding space can exist some spooky objects:

Dark matter, Dark energy, Axions, Relic neutrinos, etc.



Can interactions with some of these objects influence the properties of nuclide decays ?
Due to high precision of decay parameter measurements

even small temporary variations can be detected.

First hints were obtained as by-product of applied researches

Methodic : Permanent measurement of decay rates for long-living isotopes
D. Alburger, G. Harbottle, E. Norton - Earth. Sci. Lett. 78, 168 (1986)
B-decay, Isotopes - Si-32, Cl-36

Oscillation Period: 1 year, oscillation amplitude : 0,054% * 0,014%

H. Siegert et al., Appl. Radiat. Isot. 9, 49 (1998)

B-decay, Isotopes - Ag-108, Ba-133, Eu-154, Kr-85, Ra-226, Sr-90

Oscillation Period: 1 year, oscillation amplitudes varied within (0,068% — 0,088%)
average: 0,081% *0,0072% (1lo)

maximal counting rate : January 22 * 10 days

Additional data analysis: P. Sturrock et al., arXive : 1408 .3090
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Figure 11. Detrended and normalized
relative curmrent measursments versus tfims
for Eul 34,
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Figure 13 Detrended and normalized

relative curmrent measursments versus fims
for Ra226.

P. A. Sturrock et al. -
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Figure 12. Detrended and normalized

relative current measursments versus time
for K183,
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Figure 14. Detrended and normalized
relative current measursments versus time

for Sr90.

arXiv:1408.3090



K.J. Ellis et al., Phys. Med. Biol. 35,1079 (1990)
a-decay, Isotope : Pu 238

Oscillation Period: 1 year, oscillation amplitude : 0,5% % 0,18%

P.A. Sturrock et al., Astropart. Phys. 36, 18 (2012)

y-decay, Isotope: Rn 222

Oscillation Period: 1 year, oscillation amplitude: ~ 0,1%

A. Parkhomov et al. , Astropart. Phys. 35, 755 (2012)

B - decay, Isotopes: Co 60, Sr 90

Oscillation Periods: 1 year, 29.5 days, 24 hours,
oscillation amplitude: ~ 0,1%

Y. Baurov et al., Int. J. Pure & Appl. Phys. 6, 469 (2010)
B - decay, Isotope : Co-60

Oscillation periods: 27 days , 24 hours , amplitude ~.1%



Advantages: possibility to monitor each nuclide from its production to decay,

less problems with detector stability and background

Problem : low statistics rate



P&C - 2011
Experiment Tau-2 in Baksan laboratory - 7 Measurement for Po-214

E. Alekseev et al. arXiv : 1505.01752

Decay Scheme of nuclide 226Ra
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214 Ppo* —>214pPo + vy ;  214Pg nuclide birth marked by e -, y emission

214Po nuclide decay marked by o emission
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214Po nuclide birth / decay rate ~ 12 events / sec



Schematic view of TAU-2 installation, Baksan lab. — 2000m rock equivalent
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Mixing device

Pb
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Nal(Tl)x2 - 150x150 mm
25 cm PE+1mm Cd+(15 cm+15 cm Pb)
A, =20 Bk/m3






iif) To find best fit for <7 ,>:

F(t) = Fo[1+ 1 sin (wt+a)] ; w =2m/ 365 days
iv) To derive from F(t) true 7{(t) dependence:
M) = 75[1+ Asin (wite) ]

A=57mr ; ¢ =a+91 (days)
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Time dependence of 214 Po lifetime for moving - average algorithm
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Daily amplitude: A= (7,5%1,2)*10~*4

Maximal life-time at : 6 a.m. # 20 min.
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Amplitude A= (6,9 *2)*10%4



of sun neutrino - difficult to reconcile with a, B decay universality

and moon influence



lab. rotation

Earth transversal motion
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# 0 due to Earth rotation and seasonal variation of its orbit radius



DODO project for International Space Station

Aim — simultaneous measurement of a and  decay

counting rates on Earth and on the orbit
o —decay : Pu-239, silicon detector

B —decay : Co - 60, scintillator detector
Start is planned for 2017

Now decay statistics in lab. conditions is collected
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Scheme of a - decay counting rate measurement

Pu- 239

Silicon detector



1) Multiple experiments on nuclide decay rate measurements

indicate the possible existence of annual variations
at the level about 107°
2) Experiment TAU-2 found annual and daily oscillations
of Po 214 life-time at the level ~ 8*10_4
3) Evidence of moon motion influence on decay parameters
supposedly was found
4) Decay parameter measurements on Earth orbit can bring

new important insights into the experimental situation
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Mepuoa nonypacnaga Po-214 (Mkcek

Puc. 4. PacnpeneneHue BenuuuH nepuoaa nonypacnaga Po-214
Nno HeAesbEbLIM AaHHbIM.

>1/c?{Y-f(t)}? Min f(t) =exp(-t/7)



K)

Mepuoa nonypacnaga Po-214 (Mkce

Puc. 5. PacnpeneneHune BenuyuH nepuoaa nonypacnaga Po-214
nosiy4yeHHasi METOAOM CKOJSb35LLLEero CyMMMUpOBaHUA
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Puc.6. PacnpegeneHue BenuunH nepuoaa nonypacnaaa Po-214
nosy4eHHoe MeToAOM CKonb3silero cyMmmupoBaHus. Kpusasi 1 — annpokcumauums
Y =A*sin(bx), kpuBas 2 — uCKOMasi nepnoauYecKas cocraBrnsroLias.

OyeBMOHO, YTO HanOeHHAA TaKUM OOpa3oOM rapMoOHMKa OyAeT UMeTb TOT e nepuoa, YTo U
ucxogHas, aMnnuTyay B 2/1r MeHblue u caBur no dase Ha Y2 nepuopaa.

X+1T
Y =sin(ax)  <Y> = 1/ [sin(ax) = 2/mrcos(ax)
X
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Puc.7. PacnpegeneHue BenuyunH nepuoaa nonypacnaga Po-214
no HeAaenbHbIM AaHHbIM. KpuBasi — annpokcumMauums, nony4yeHHasa U3 metoaa
CKOnb3silero CcyMMupoBaHua ¢ nepuoaom 1 roa, otHocuTesnibHas

amnnutyga A= (8,9 £ 2,3)*10
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Puc. 8. ConHe4yHO-CyTO4YHbIE Bapuauuu nepuoaa nonypacnaga Po-214,
nosny4eHHble METOAOM CKOSb3SILLero CyMMUpPOBaHUA.
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Puc.9. PacnpeneneHue BenuunH nepuoaa nonypacnaaa Po-214
B uHtepBanax. Kpusas 1 — annpokcumauums gaHHbIX cpyHKumen Y=A*sin(bx)
c nepuoaom 24 yaca. KpuBas 2 — nckomasi CoOniHe4YHO-CyTo4YHasi BOSIHA.

AMNNUTYAa CONMHEYHO-CYTOYHOM BOMnHbI A = (7,5+1,2)*10



Mepuopa nonypacnaaa Po-214 (Mkcek)
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Puc.12 PacnpepneneHue BenuunH nepuoaa nonypacnaga Po-214,
norny4yeHHoe MeToAOM CKonb3silwero cymmmupoBaHus. Kpusas 1- (Puc.12b)
annpokcumauma aaHHbIX pyHkumen Y = A*sin(bx). KpuBasa 2 — nckomas
JNIYHHO-CYTO4YHasi BOSHa.

AMnnutyaa nyHHO-CyTO4YHOM BOMHbI A = (6,9 £ 2)*10 )
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Puc.13. PacnpeaeneHue BenuunH nepuoaa nonypacnaga Po-214, nonyyeHHoe
MEeTOAOM CKOMb3Alero cymmmpoBsaHus. Puc.13 A — Hayano cymmupoBaHus
30 ceHTA6psa 2012 r., Puc13 b — Hayano cymmupoBaHua 15 oktabpa 2012 r.
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Mepuoa nonypacnaga Po-214 npueeseH Kk 1
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Puc.14 PacnpeageneHue BenuunH nepuoaa nonypacnaga Po-214 no HegenbHbIM
AaHHbIM. KpuBas 1 — annpokcumauums cpyHkumen Y= A*sin(bx) c nepmoaom ~ 1 roa.
KpuBas 2 — pacctosiHne mexay ConHuem n 3emneun

KpuBas 3 — ckopocTb 3eMnu no oTHoLWEeHUIo K ConHuy npyu opomMTanbHOM ABUXKEHUM
BoKpyr ConHua.

CoBnapgeHue ®a3 = 1 Hepgens.

1
o
o
CkopocTb 3emnu oTHocuTenbHo ConHua (Km/cek)
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Mepuog nonypacnaga Po-214 (Mkcek)
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CKOpOCTb NOBEpPXHOCTU 3eMnn (KM/cek)

Puc.15. PacnpeneneHne Benu4uH nepuoaoB nonypacnaaa. Kpyusas 2 — HanaeHHasa uckomas
COJIHeYHO-cyTO4YHaAa BonHa. KpuBasa 3 — cKopocTb ABMKEHUS TOYKU 3eMHOM NOBEPXHOCTU NO

oTHoweHuo K ConHuy BcrneacTeue BpalieHUs 3eMnu.

HanpaBneHue Ha ConHue
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Puc.16. PacnpeneneHne Benu4uH nepuonoB nonypacnaaa Po-214 B nyHHbIX cyTKax.
KpuBas 2 — HanaeHHass CKOMas NyHHO-cyTo4yHas. KpuBasa 3 — CKOpocTb ABWMXEHUS

TOYKN 3eMHOMN noBepxXHOCTUN OTHOCUTEJTIbHO .HYHI:I BCrneacTeue BpalleHus 3emMnu.

HanpaBneHue Ha JlyHy

3eHuT JlyHbl 30.09.2012r. - 23 yaca 40 MUHYT
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