JKcnepuMeHTanbHOEe UccriegoBaHue SAepPHbIX peakummn
CUHTe3a B cucteme pty. lpeaBapuTtenbHble pe3ynbraThbl.

O.J1. DemuH ( Konnabopauusa TpUTOH)

MeTogom MIOOHHOIO KaTtanuaa usydanoch sisrieHne pt-cmHTe3a B MIOOHHOW
mMonekyrne pty. AkcnepmMeHT 6bin npoBeaeH Ha PasoTpoHe JIAMN B 2016 T.

Llenbto nccnepoBaHmsa 6b1no n3amepeHne BbIXOO0B NPOAYKTOB peakuum CUHTe3a B
ptu-monekynax: y-KkBaHTOB, KOHBEPCUMOHHbLIX MIOOHOB U e*e” nap.

B npenBaputenbHOM aHanm3e BPEMEHHbIX U SHEPreTUYECKNX aKCrnepuMeEHTanbHbIX
CNEKTPOB, onpeaerneHbl BbIXoAbl NPOAYKTOB pt-CMHTE3a (raMma-KBaHTbI Y MIOOHBI
KOHBEPCUW), a TakKe COOTBETCTBYIOLLIME CKOPOCTU AAEPHbBIX peaKkLnil.

[lpoBeneHO cpaBHeEHWE NpeaBapuUTESibHbIX Pe3yNnbLTaTtoB HACTOALLENO
nccnenoBaHna ¢ pesynsratamu, nonyvyeHHsimMu B PSI B KoHue 80-x rogos.



MIOOHHbLIN KaTanus peakuun S4epHOro CMHTe3a

Bbicokas BepOATHOCTbL CUHTE3a d4ep M30TOMOB BO4OPOAA B MIOOHHbLIX MOSieKynax
Obina TeopeTnyeckn npeackasaHa Y. ®pankom n A.l. CaxapoBbiM B KOHLUE 1940-
X N No3gHee aKcnepumeHTanbHO NoaTBepXaeHa B akcrnepumeHTe J1. AnbBapeca
(1957r.). lNepBble cTporne Hay4Hble NpeacTaBneHnsa O CITOXKHOW LieMNoYKe
peakuun, Bbl3blBaeEMbIX MIOOHOM B cpefe u3otonoB Bogopoaa H/D/T (saBneHune
MIOOHHOrO KaTanusa), crnoxunmce B pabotax L. [xekcoHa, A.b. 3enbgosuya n
C.C. l'epwTenHa k Havany 1960-x rr.

C 1964 ropa B NAN OUNAWN no vumumnatuee B.I1. [xenenosa Ha4yanucb
cUcTeMaTuyecKkme akcrepmmMmeHTarnbHble UCCreaoBaHNUA MIOOHHOMO KaTarnmaa,
pesyrnbTaThl KOTOPLIX MO MpaBy OTHOCATCA K oyHOAMEHTalbHbIM LOCTUXEHUAM
dom3ukn:

- OTKPbITO sIBIEHNE Pe30HAHCHOro 0bpas3oBaHMA ME3OMONEKYST AENTEPUS;

- BMEpBbIE AKCNEepPMMEHTaNbLHO NoaTBepXXaeHa npeackasaHHaa B ONAN

J1.W. TloHOMapeBbIM U TeOPETMKaMM ero rpyrnbl BbICOKas CKOPOCTb LMKNa Mio-
kaTanusa B D/T cmecu gentepusa n Tputus;

- BNepBble MosiydeHbl CNMHOBas N TemMnepaTypHas 3aBUCUMOCTU CKOPOCTEN
obpas3oBaHMsA MeE30OMOIEKYST B XXNOKOM U TBEPLOM AENTEPUMN.

OTun pesynsTaTtbl CTUMYNMPOBAsN UCCreagoBaHns No MIOOHHOMY KaTanuay Ha
NPOTSHKEHUN OECATUNETUN KaK B OTEYECTBEHHbIX Hay4YHO-MUCCren0BaTeNTbCKUX
ueHTpax (OUAN, NMNAD), Tak n 3a pybexom (Bennkobputanma, Kanaga, CLUA,
LLiBenuapusa, AnoHns).
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JKcnepuMeHTaribHOe HabrnaeHue peakumm p-+t

JNloc-Anamocckaa HaunmoHanbHas JlabopaTtopusa (CLUA)

1949 rop - p+t=3°He+n

A Study of the Interaction of Protons with Tritium
Taschek, R. F,; Jarvis, G. A.; Hemmendinger, A.; Everhart, G. G.; Gittings, H.
Physical Review, vol. 75, Issue 9, pp. 1361-1365.

1950 rop - p+t=%He+y

Properties of the T3(p,y)He* Reaction
Argo, H. V.; Gittings, H. T.; Hemmendinger, A.; Jarvis, G. A.; Taschek, R. F.
Physical Review, vol. 78, Issue 6, pp. 691-694.



ptu = *Hep+y+19,82 MaB (E, = 19,77 MaB), (1)

MIO-KaTasnu3 Pty = “He+p+19,81 MaB  (E, = 19,22 MaB), (2)
B cucteme ptu ptu = “Hep+e*+e + 18,79 MaB, (3)
pty = ‘Hep+y+y + 19,82 MaB. (4)
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Scheme of the MC processes in H/T mixture



Peakuuun sipepHoOro cuHTe3sa

B 1932 roay KokpodT 1 YonTtoH nog pykosoactsom nopaa Pesepdopaa
OTKPbIIIN MEPBYIO peakumio CMHTE3a npn omoapanpoBke NMTUs NPOTOHaMN B
KaBeHauwickon nabopatopum B Kembpugxe (AHMMnS), n 4o KOHUa TpuauaTbIX
rogoB nogasnsAroLWee YNCIO peakLMn CUHTE3a JErknx aaep 0bio OTKPbLITO.

OpgHoBpeMeHHO 1 BypHO pa3BuBanacb TeOpUs HOBOIO ABMNEHUS AOEepPHOro
CUHTE3a, OCHOBHbLIE Uaen npeanoxunn Benusekkep, bete, epmu, amos un
Tennep. Teopuen EOQ-nepexona, BaXXHOro Ans peakumn a0epHoro CUHTesa,
3aHumanuce ['ennept-Manep, KOkaBa n Tomac.

[Tocne oTkpbITMa Poynepom saepHoun peakuum ¢ EO-nepexogom B sape propa
noa AeNCTBMEM MPOTOHHOrO nNyvka OnneHremmMmep TEOPETUYECKN OOBACHUN
HabngaeMbln BbIXO, 3MNEKTPOH-NO3UTPOHHbBIX Nap 1 nap raMmMma-KBaHTOB.
[Oppenheimer, J.R. and Schwinger, J.S., Physical Review 56 (1939) 1066].
OnneHreMmMep cuuTarn, 3To TEOPETUYECKOE AOCTMXKEHME Hanboree BaXXHbIM
CBOMM OOCTMXKEeHneM B pn3nKe, UMed, TEM HE MEHee, B CBOEM aKTUBE
TeopeTnyeckme paboThbl Mo CXXaTUo HEUTPOHHLIX 3BE3[, 3a KOTOpPble Dbl
HeOQHOKPAaTHO HOMUHUpPOBaH Ha HobeneBcKyo Npemuio.
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Muon-Catalyzed pt Fusion

Hyperfine Interactions 82 (1993) 259-264
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Table 2. Preliminary results. Y* denotes the yield for muon emission, ¥ the
gamma-ray yield. The ratio Y*/Y7 is normalized to the best value of (Y*/Y7),
observed at c,#10°=8.1 and c4*10°=0.76. For further explanations see text.

mixture
concentration E
c*10° 8.1 + 0.6 116 + 006 045 1 0.08
cq*10® 0.7 + 005 {0402 + 0.012 037 <L 0.06

build-up rate (us~*) {718 + 044 |7.11 + 036 |551 £ 0.30

put formation

rate (us™!) (5] 6.5 6.5 6.5

disappearance

rate (us™') 0.493 + 0.004 |0.518 + 0.005|0.530 <+ 0.006

fusion rate (7)

(us~) (1] 006 + 001l |006 + 001 [006 =+ 0.1

p decay rate (us™) 0.455 0.455 0.455
Yr/Y?

(Yr/Y7), 100 + 002 |1.20 £+ 003 |138 + 0.04




ptu = *Hep+y+19,82 MaB (E, = 19,77 MaB), (1)
pty = 4He+p+19,81 MaB  (E, = 19,22 MaB) (2)
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PSI experiment (1993)

Ao = 1.06 £0.13 x103 ps (spin-flip rate)

ATy = 7.520.03 30 us*(molecule formation rate)

Aot (I=1) = 0.067 £0.002 4 50, ps*(fusion rate)

Aot (15=0) = 0.15£0.02 ps* (muon conversion rate)



Role of the spin-flip process (Gershtein-Wolfenstein effect)
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Komnnekc TPUTOH

[1ns npoBeaeHns cncteMmaTtnyeckux nccriegoBaHnm sBNeHnsd
MIOOHHOIO KaTanunsa ssaepHbIX peakumn CuHTe3a B cpefe
M30TONOB BOAOPOAA NMpu NinogoTBOPHOM COTPYAHNYECTBE
Poccunckoro dpegepansHoro aaepHoro ueHtpa - BHUNO O m
JTabopatopun saepHsbix npodbnem - OUNAN 6bin cosnaH
akcrnepumeHTanesHbi Komnnekc TPUTOH. Co cTopoHbI
BHN3® pykoBoauTenem paboT no co3gaHno KoMmnekca oblin
A.A. FOxumyuyk, co ctopoHbl OUAN - B.I. 3uHoB.

HaunHas ¢ 1996 roga, ¢ npumeHeHnem komnnekca TPUTOH
Ha ®asoTpoHe B [1yOHe npoBeaeHbl BCECTOPOHHUE
nccriegoBaHmns napamMeTpoB MIOOHHOIO Katanusa B cmecax D/T
n H/D/T (okono 100 pa3fnUyHbIX KOHUEHTpPauuu), B HUCTOM
TputUn T, U3MepeHbl N-N U a-N Koppenauun B peakumn t + t
— 4He + n +n (2003), BEPOATHOCTb paguaLMOHHOIo KaHarna B
peakuun d+d— “He +y (2008). Pesynbsratbl 37X paboT
onybrnkoBaHbl B BEAYLLMX POCCUNCKNX HAYYHbIX XXypHanax, a
komnriekc TPUTOH yoocTtoeH Nepson npemun ONAN.



Experimental study of nuclear fusion reactions in a ptu system
Experiment TRITON (Theme 1101), stage — data analysis.

D.L. Demin, V.N. Duginov, K.I. Gritsaj, A.D. Konin, T.N. Mamedov, A.l. Rudenko,

V.P. Volnykh (Dubna),

A. Adamczak (Krakow), L.N.Bogdanova, M.P. Faifman (Moscow),

V. Wagner (Rez), V.V. Baluev, A.M. Demin, I.P. Maksimkin, A.A. Yukhimchuk (Sarov).

pty = “Hep+y+19,82 MaB, (1)
ptu = 4He+u+19,81 MaB, (2)

pty = “Hep+e*+e—+ 18,79 MaB, (3) TRITON
pty = “Hep+y+y + 19,82 MaB.  (4)

The 50cc cryogenic target filled with liquid
H/T mixture was exposed to the negative
muon beam (10% s'1, 100 MeV/c) of JINR
Phasotron in 2016.

Main run-time duration is 270 h.

The experiment is aimed at measuring the
product yields of the reaction: y-quanta,
conversion muons and e*e- pairs.
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[MTapamMeTpbl MIOOHHOIO Ny4kKa

Mmnynsc 100 MaB/c,

MHTeHcuBHoCTb 1,4:-10% u/c,

Tok npoTtoHHoro nydka 0,5 pA,
Bpems-nponeTHble gnarpammbl nyyYka MHOOHOB
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Cxema aKkcnepuMeHTanbHOW YCTAHOBKM:

1-3 — NNacTUKOBbLIE CHETUYUKN,
BGO — BGO kpucTtann,

E1-E2 — aneKTpPOHHLIN
Teneckon,

F — MmeaHbI UneTp,
G1-G2 — ramma-CcrnekTpomMeTp,
H/T — mMuweHb,

M — geTekTop MHOHOB
KOHBEepCcuu
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H
1
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KpnoreHHas muwieHb o6bemom 50 cm.Ky®O.




FamMMma-cnekTpomMeTp COCTOUT U3 ABYX MAEHTUYHbIX BGO-geTtekTopoB
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The gamma detector: 1 - BGO-crystal, 2 - plastic scintillator shell, 3 - light-
euide, 4 - teflon, 5 - iron magnetic shield, 6 - permalloy magnetic shield, 7 - electronics







MakeT anekTpoHHOro teneckona 1 - E2

CBeTOBO/, BbIMNOMHEH U3 NNACTUKOBbLIX handepos, 4YTO
Nno3BonseT obecneynTb CNeKPOMETPUYECKME
XapaKTepPUCTUKM NPUN KOMNAKTHOWU reoMeTpUMn.
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MoaoenunposaHue

h11

Monte-Carlo :
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Kputepumn otbopa akcnepmmMmeHTaribHbIX COObLITUMN:

e ¢;1 is the coincidence signal (E'1-+ E£2)- M, responsible for the muon stop
in the target:

°ecy2 = (E1+ E2)-M - (G1 + G2) means conversion muon decay in
detector M.

Marker . notes the fusion reaction products: v, ¢~ e™ or conversion muon.
The appropriate signals are the following:

er=r: (E1+ E2)- M -G, the decay electron selected as eql;

e r = yu: the coincidence signal (E'1 4+ E2) - M, and €42 for the electron
from muon decay;

e =¢c et :(FE1+ E2)-M, and e41 corresponds to detection of at least
one particle of the pair;

e E'1-E2. A, and the subsequent ¢41 corresponds to simultaneous detection
of both particles of the pair with their coincidence in time.

For a more reliable identification of the registered experimental events and
the background suppression, one should put certain timing limitations, usual 1n
MC experiments:

t(eql) —t(p) > 0.5 ps, t(eql.2) =ty + (0.5—4.5) ps



MeToouka onpeaesieHnNA BbixXxoAoa B KaHalie peakuumn

The number of detected events for each sort (y) of the fusion products 1s
- U .
\:,r = I\ |” 2 4 “J'J eff (y),

where Y?(y) is the absolute yield and eff(y) are the detection efficiencies:

eff(v) = e(vy) - elegl) - fr, eff(p) =€e(p) - e(eq) - fi.
eff (pairs 1) = e(pairs ]j e(eql) - fi, eff(pairs 2) = e(pairs 2) - e(eql) - f;.

[eTanbHOe onnucaHne METOOAMKM SKCNEPUMEHTA Ha CTaann NOATrOTOBKU
cogepxuntcs B pabote [L.N. Bogdanova, et al., "Experimental study of

nuclear fusion reactions in a ptuy system", Physics of Particles and Nuclei
Letters 9, No.8 (2012) 605].



2013 - npoBeaeHa NpoBepKa IKCNepuMeHTarnbHOro
obopynoBaHMA Ha MIOOHHOM MYy4YKe C MULLIEHBIO,
3anonHeHHOW Xnakmmv BogopoaomM ¢ NpupoaHoun
KOHUEHTpaLUnen gentepusd

800 |

[lony4eH
aKCnepuMeHTarbHbIN
9HepreTn4ecKkUn CnekTp
raMMa-KBaHTOB OT
peakuumn

200 |

pdu — 3Hep+y+5,5 MaB 0 |




[lpoBeaeHMe aKCcnepuMeHTa

B nepunopg 10-16 masa v 14-24 Hosi6pa 2016 r. npoBeOEHbI
CeaHCbl W3MepeHuUn Mio-KaTtanmsa <HAOepHou peakymu
cuHTe3a p+t Ha PasoTpoHe JIAl.

[OnutenbHOCTb HAabopa gaHHbIX cocTaBuna 270 4Yacos.

KoHLueHTpauusa TpuTuUS B XXUOKOBOAOPOOHOW MULLEHWN Bbina
0,8% B manckom ceaHce un 0,08% B HOAOPBLCKOM ceaHce.

B HOsiI6pbCKOM ceaHce ObInn npoBeaeHbl ABE SKCMO3NLIUN C
Pa3HOM TreoMeTpuen pPacnonoXeHns ramMmma-geTekTopoB
OTHOCUTENbHO MULLEHMW.



JKcrnepuMeHTarnbHble CMeKTpbl:

BpemeHHOU CnekTp af1IeKTPOHOB OT pacnaga MHOHOB B MULLEHMU

rtotal : E A -
0N HOPMUPOBKM N7 (t) = Ae exp(—Aet) + k Bempty(t) + F
teimd
5 Entries 1.252528e+07
10° = Mean 2.499
— RMS 2.191
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3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

BpemeHHON cnekTp ramma-KBaHTOB
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3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

BpemeHHOU cnekTp MIOOHOB KOHBEPCUM

Bpemsa (MKc)

tmu2md
Entries 9510
L Mean 2.131
RMS 1.838
TI | | | | | | | | | | | | | | | | | | | | | | I|7| | Mﬂ‘ﬂmﬂl I‘I III | |
—4 -2 0 2 4 6 8 10 12 14




3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

JHepreTnyecknin cnektTp ramma-ksaHtos C,=0,8

_ gggdo
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JHepreTn4ecknin cnektp ramma-ksaHtos C,=0,08
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3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

OHepreTnYeCcKmin CNeKTP MIOOHOB KOHBEpPCUU B aeTekTope E1
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3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

CyMMapHbIN SHEPreTUYECKUI CNEKTP MIOOHOB KOHBEPCUN B AeTekTopax E2+M

gmu2edmdO
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CpaBHeHMe CKopocTen saepHoOn peakumm
U3 aHarim3a BpeMeHHbIX CMeKTPOB:

PesynbraT npeaBapuTtenbHON 06paboTku
Aot’ (I=1) = 0.065£0.004(stat) ps-(fusion rate)

Aot (17=0) = 0.11+0.01(stat) ust (muon conversion
rate)

Peaynesratel PSI (XaptmaH n gp. 1993)
Aot (I=1) = 0.067£0.002 4 50, °% ps(fusion rate)

Aot (1=0) = 0.15£0.02 ust (muon conversion rate)



U3mepeHHble BbIXoAbl OAMHOYHbIX raMMa-KBaHTOB U MIOOHOB
KOHBEPCUU B CPaBHEHUU C IKcnepumeHToMm PSI (1993)
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Pe3yn bTdTbl SKCrNMepuMeHTa

[lpenBapuTenibHbin - aHanmMa MoOSIydYeHHbIX [OaHHbIX MO3BOMWUM
Ka4yeCTBEHHO NOATBEPAUTL pesyrbraThl Konnabopauun ns PSI

[P. Baumann, et al., "Muon-catalyzed pt-fusion”, Phys. Rev. Lett.
70 (1993) 3720], o6 mM3MeHeHMn BbIXxOOda KaHaroB peakuun C
raMma-KkBaHTOM M MIOOHOM KoHBepcuun (1, 2) B 3aBUCUMOCTU OT
KOHLUEHTpaunm TpUTnUa B CMECH.

pty — *Hep +y + 19,82 MaB (E, = 19,77 MaB), (1)
pty — *He + y + 19,81 MaB (E, = 19,22 M3aB). (2)



PeI'VICTpaLI,VIFI BbIXOA0B NMNAapHbIX YaCTuUl

OpgHoun 13 uenen akcnepuMmeHTa bbl1o 0OHapyXeHue
BbiXxoda e*e” nap, KoTopble He Habngannucb HU Ha MyJkax,
HX B paboTe PSI n3 coctosiHusa Me3oMoriekyrnbl pty.
OTHoOLLEeHNe Bbixoda nap K BbIXo4y KOHBEPCUOHHbIX
MIOOHOB, COrflacHO Teopun, AOmKHO ObITb 0,73.

pty — “4He + p(conv), “Heu +e'e
UTo BbINO OQHMM N3 rMaBHbIX MOTMBOB 3KCMEPUMEHTA

Hapaay C OObACHEHMEM pacXOoXOEHUSA Teopun u
aKcnepumMmeHTa B cucteme ptu.
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Morth-Holland

An electron—positron pair spectrometer
for high energy decays of nuclei

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS
x S8 A

< B

C.P. Montoya, S. Schadmand, R. Varma, P.H. Zhang ', R. Butsch *, . Digszegi *, D_.J. Hofman

and P. Paul

Depariment of Physics, Stare University of New York at Stony Brook, Stony Brook, NY 11794, 54
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JKCcnepuMeHTaribHble CreKTPbl (NapHble 3apsXXeHHbIEe):

CyMMapHbIN SHEPreTUYECKUI CNEKTP MIOOHOB KOHBEPCUN
N 3NEKTPOH-NO3NTPOHHBLIX Nap B Aetektopax E1+E2

gredOed1

2200 Entries 63177
Mean 2.522
2000 RMS 1.544
N 1800
h11
1600 ete~  muons s 100
RMS 2.094
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N (E1l or E2) =4194

N (E1 and E2) = 53
C,=0,8

N (E1 or E2) = 48322
N (E1 and E2) = 5345
C.=0,08

N (E1 or E2) = 46618
N (E1 and E2) = 4868



JKCNnepuMeHTaribHble CNeKTpbl (NapHble HeENTParbHbIe):

CyMMapHbIN SHEPreTUYECKUN CNEKTP Napbl raMma-KBaHTOB
B getekTopax G1+G2

ggggdOgd1
Entries 1393

Mean 16.37
RMS 4.636

160

140

120

100

80

60

40

20

L

20 25 30 35 40

OHeprusa (MaB)




3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

OHEepPreTM4YeCcKn CnekTp OaHOro 13 napbl raMma-KkBaHTOB
B getektope G1

999gd0

Entries 1393
Mean 7.822
RMS 4.605
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3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

3HepreTI/I‘-IeCKI/IIZ CNeKTp BTOPOIro n3 rnapbl raMmmMma-KBaHTOB

70

60

50

40

30

20

10

B aetektope G2

ggggd1

Entries
Mean

o;_I_I_I_hIIII|IIII|IIII|IIII|IIII|IIII|I

OHeprma (MaB)

40

8.544
4.743




1

RRga0gd
Entnes 1216
Maan 16.08
RMS 4.54
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Namepenune 2016 . npu ¢,=0.08% Tputna BbIXOAA peakuun (4) Ha oaNHaAKOBON
t

cTaTUCTUKE ONA ABYX PasfnyHbIX OTHOCUTESbHbLIX NONOXEHWEe ramma-

OETEKTOPOB: nod oTHocUTesNbHbIM yrnom 180 - ceepxy; 110 rpagycoB - CHU3Y



Pernctpauus nap ee- U nap ramma-KBaHTOB npm pt
CUHTe3e

BnepBble Habntoganca kaHan peakumn (3) ¢ BbIXOAOM 3f1IEKTPOH-NO3UTPOHHOM
napbl. Obwas ctatnctuka, HabpaHHaa Ha yctaHoBke TPUTOH B 2016 roay —
OoKONo 15 TbICAY 3apeErMCTPUPOBaAHHbLIX CODLITUMN.

pty — *Hey + e* + e~ + 18,79 MaB. (3)

Takxe yganocb 3apernctpupoBaTb KaHan peakuumn (4) ¢ BbIXOQOM ABYX raMmma-
kBaHTOB. O0OLLas CTaTUCTUKA — OKOSI0 TPeX ThICAY (3aperncTpupoBaHHbIX)
OBOMHbLIX COObITUI (4), yaoBNETBOPSAOLWNX KpUTEPUAM OTDOPa Ans ramma-
KBAHTOB, OHOBPEMEHHO 3apPErncTpUpPoOBaHHbLIX B pa3HbIX raMMa-AeTeKkTopax.

pty — *Hep + 2y + 19,82 M3B (E, + E,, = 19,77 MaB). (4)

N3mepeHust ¢ pasnnyHom reoMeTpuen yctaHoskn B Hosiope 2016 r. (ramma-
OeTekTopbl 6K ycTaHOBNEHBI CHa4Yana nog oTHocuTernbHbIM yrnom 180, 3aTtem
110 rpagycoB) rnNo3Bonunu caenartb BbiBOA B NOSfb3y OTCYTCTBUSA YrII0BOM
Koppensuum npu Beixoge nap 2y (4), a Takke UCKNIYUTb 0ObsICHEHUE
HabnogaemblX ABOMHbLIX COObITUIN NepepaccestHneM U3 0gHOro ramma-
OeTeKkTopa B 4pYrou.



1560 ¢. _Aeceycni Tr. LXXT, sven. 4
VOCITrEX I PUHIHYECHEHX HAYVE

1) B Bomopoyue, oforauenHom peirepueM mo 2—3 %, caemosano OvL npo-
WBBECTH 00JI€€ TOTYHOE, YeM B, UBMEpPEHIe PACHPeNeIeHUs Yy-KBaHTOB IO Bpe-
MEHM, B 9aCTHOCTH OOHAPYMHTh HECKOJBKO XapaKTepPHLIX BPEeMeH, COOTBET-
CTBYIOIINX PEAKIMH 13 PasimyHBIX CIMHOBLIX cocToAauuii. Tounoe onpejenenue
abCONIIOTHOTO BEIXO/Ia Y-KBAHTOB B YKa3aHHOH CMECH MOMKeT MIpPeCTaBUTh
MHTepec IJA U3ydeHAa ciaadoro B3anMoHeICTBHA W-Me30H0B ¢ BykaoHamu. [leii-
CTBHTEJILHO, IOCKONBKY B Pe3yabTare peakiuu p + d-— He, 4 y Me3o0m octaer-
ca Ha opbure He, (cm. § 6), mpencraBasercs BO3MOKHEOCTL HabaiogaTh 3axsar
u-Mesona aapom He,: u | Heg —> ¢ -+ v. MaTpuuHsR 3JIeMeHT HepeXoaa MOrKeT
OBITH yCTAHOBJIEH M3 HaHHLIX 10 P-pacrany tputusa t — Hez 4 +v, u, Takum
obpasom, HM3ydeHHE DBTOI0 mpolecca AaeT BO3IMO/KHOCTh TOYHOTO H3MEpPeHUsd
KOHCTAHTHI cjaboro B3auMopeiicTBusas pW +p-—n-+v (cM. TaKke 23).

2) Ilpu sHaumTenspHO OOJBIMHX KOHOEHTPAOMAX Jneltepud (IopAaKa
60—80%) mo uncny p -+ d- u d+ d-peargmit Mo:tHO OBIO OLI YCTAHOBUTL COOT-
HOIIeANe MeyKJy BepPOATHOCTHIO oOpasoBavmMa pdu- U ddp-MoOXeKy.

Rpome Toro, B ykazarsnoi cmecu diaromapsa peaxknun d + d — ¢ --n B Me-
3oMosieKkyie ddp MMeeTCH BEPOSTHOCTHL, paBHaA =~ 2% Toro, 9To W-Me30H
okazkeTcs Ha opbure TpurTus. B gansmeiimem meszoaToM (| Mo#ieT oOpasoBaTh
MEe30MOJIERYIy plu, 9TO JIaCT BO3SMO/KHOCTE HalIIOKaTh peaknuu p +{, B 9acT-
HOCTU pOMsJenue map e, € B peakmum p -+1i — He, +e"+e .

3) IlpencraBnser mmrTepec M3MepeHue aOCOMIOTHOTO BHIXOJA peaKnui,
BHI3BIBAEMBIX |L-ME30HAaMI B YACTOM ;Leu'replm a TaKyKe BEPOATHOCTH «IPHAJIM-

4) B Boyopone, oﬁor‘aule}mou TPUTHEM J10 0,01 —0,1%, BrnoJiHEe BO3MOLHO
HabIIOleAHe peaknuil p -+t B MedomoleKynax piu. K cosxanesHnmio, B aTOM

cAaydae HeBO3MOF{HO UCIONML30BATH HY3LIPBKOBYIO KaMepy BBUAY AaKTHBHOCTH
tputnsa. OgHaxo naubolee KpacnBoe gBIeHNe-—POYKAeHNe Tap €, €7, —No-BUJIN-
MOHO HabIwgaTh € MOMOMIBI0 CIETUHKOB.
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PHYSICAL REVIEW

VOLUME 1235,

MUMBER 2 JANUARY 15, 19612

Nuclear Electric Monopole Transitions in 0%, Ca‘’, Ge™, and Zr"'{

M. Nessin, T. H. Krusg, anp K. E. ExLunp
Columbia Universily, New York, New York

(Received August 29, 1961)

A study was made of electric monopole transitions from the 0%
first excited states of certain nuclei. A search for 6.05-Mev O E0)
conversion electrons gave an upper limit of 110 for the ratio
of the probability for conversion electrons to that of pair emission.

Cat® FE) conversion electrons were observed and a ratio of
W sonveraon/ W pair = (6.94£0.20) %10~ was obtained. The mo-
mentum distributions of both components of pairs from the first
excited state were observed. An upper limit of 6X107% was placed
on the ratio of double gamma emission to pair emission. The
energy of the first excited state was found to be 3.353-+£0.003
Mev by measurement of the conversion electron energy.

An excitation function for population of the first excited state
of Ge™ by inelastic scattering of protons was observed between
2.3 and 6.2-Mev proton bombarding energy. The K and (L+M

+N-+0) E0 converzsion electrons were resolved and the ratio
We/Wirenioy=8.7020.006 was obtained. The energy of the
first excited state was found to be 0.690=0.001 Mev.

An excitation function for population of the first excited state
of Zr® by inelastic scattering of protons was obtained between
3.35 and 6.5 Mev proton bombarding energy. The momentum
distributions of both components of pairs were observed. The
energy of the first excited state was measured as 1.762=2-0.002
Mev. 2.38£0.08 was obtained for the ratio Woouvemion/ W pair-
The K and (L4M<4-N<40) conversion electrons were resolved
and the ratio We/W cearengoy=7.060.08 was obtained.

All results are consistent within experimental errors with
theoretical predictions.



VOLUME 53, NUMBER 20 PHYSICAL REVIEW LETTERS 12 NOVEMEBER 1984

Double Gamma Decay in *°Ca and *°Zr

J. Schirmer, D. Habs, R. Kroth, N. Kwong, D. Schwalm, and M. Zirnbauer
Max-Planck-Institut fiir Kernphysik and Physikalisches Institut der Universitar Heidelberg,
D-6900 Heidelberg, Federal Republic af Germany

and

C. Broude

Weizmann Institute of Science, 76100 Rehovot, Israel
(Received 13 August 1984)

The rare double gamma decay of the first excited 0% state in **Ca and "Zr has been mea-
sured with a segmented 4% Nal detector system, which allows suppression of the perturbing
background due to positron annihilation in flight. In both cases the directional correlation of
the two photons is found (o be asymmetric around 907, which is explained by an interference

of 2E1 and 2M 1 transitions. The deduced M1 quenching factors agree with those from
{e,e') and (p.p’) measurements.

PACS numbers: 23.20.En, 27.40,4+z, 27.60.4]
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3KCI'IepVIMeHTaJ'IbeIe CMNEeKTPbI.

OHepreTUYEeCKNn CNEKTP MIOOHOB KOHBEPCUM B eTekTope E2

gmu2ed1

200 Entries 4775

Mean 4.201
RMS 1.194
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