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5yT~e8 B.C. H AP· P15 - 12339 

noHCK 3aAep~aHHoro AeneHHR RAep, o6paay~~HXCR 
npH norno~eHHH MeAneHHbiX 1T- -Me30H08 232 Th H 238 U 

Coo6~a~TCR peaynbTaTbl noHcKa 3aAep~aHHOro AeneHHR 8 
npOAYKTaX peaK~HH 3aX8aTa OTpH~aTenbHbiX nHOHOB RApa 232Th 
H 23su. 

OnpeAeneHa 8epXHRR rpaHH~a 8biXOAa O~HAaeMoro 3~~eKTa 
8 paanH4HbiX 8peMeHHbiX AHanaaoHax. 

Pa6oTa 8blnOnHeHa 8 na6opaTOpHH 8bi4HCnHTenbHOH TeXHHKH 
H a8TOMaTH3a~HH OHRH. 

npenpRRT 061.ellRR8RHOro HRCTHTyTa SIJl8pRblX HCCnellOB8RHA • .ay6Ha 1979 

Butsev V.S. et al. P15 - 12339 

The Search for a Delayed Fission in Nuclei 
Produced in Negative Pion Capture at Rest 
by 232 Th and 238 u 

The results of the search for a delayed fission in the 
products of negative pion capture reaction by 232Th and 
238U are given. An upper limit of expected effect yield 
in different time ranges from n sec to hours. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

Cpa8HHTenbHO HeAa8HHe HccneAo8aHHR MexaHH3Ma norno~eHHH 
MeAneHHbiX " -Me30H08 noKaaanH, 4TO nocne aax8aTa ni'OH08 
HApaMH o6pa3y~TCH HeHTpOHOAe$H~HTHble H30TOnbl, 3Ha4HTenbHO 
YAaneHHble OT nonocbl 6eTa-cTa6HnbHOCTH, H c 6onbwoA 8epoHT
HOCTb~ 8036Y~Aa~TCH 8biCOKOCnHHHble COCTOHHHH n1. 

KaK H38eCTHO, HApa, YAaneHHble oT o6nacTH 6eTa-cTa6Hnb
HOCTH, MoryT XapaKTepH308aTbCH ~enbiM PHAOM H08biX C80HCT8. 
0AHO H3 HHX - 3ana3Ab18a~~ee AeneHHe, T.e. AeneHHe H3 803-
6y~AeHHOro COCTOHHHH, 8 KOTOpOM HAPO MO~eT OKa3aTbCH nocne 
6eTa-pacnaAa~/ HnH nocne KaKHx-nH6o APYrHx npo~ecco8. 

TaKHM o6pa3oM, Y4HTbl8aH, 4TO 8 cHnbHO HeHTPOHOAe~H~HT
HbiX H30TOnaX aKTHHHA08 803MO~Hbl 3Ha4HTenbHble H3MeHeHHH 
CTPYKTYPbl 6apbepa AeneHHH !3/,H npeAnonaraH, 4TO HMeHHO 
TaKHe H30TOnbl MOryT 6b1Tb nony4eHbl 8 peaK~HHX norno~eHHH 
MeAneHHbiX OTpH~aTenbHbiX nHOH08, Mbl npo8enH nOHCK 3aAep~aH
HOrO AeneHHH HAep 8 npOAYKTaX 3TOH peaK~HH. 

3KcnepHMeHTbl np080AHnHCb Ha ny4Ke TT- -Me30H08 CHHXpo
~HKnOTpOHa OHRH 8 WHPOKHx 8peMeHHbiX HHTep8anax, OT AeCHTK08 
HaHoceKYHA AO AeCHTK08 4aC08. noHCK 3~~eKTa 3aAepmaHHOrO 
AeneHHH 8 AHana30HaX 8peMeHH OT MHHYT AO 4aC08 npOH380AHn
CH c noMO~b~ AH3neKTPH4ecKHX AeTeKTopo8 H3 na8caHa. B AHana-
30Hax 8peMeHH OT HaHOCeKYHA AO MHHYT nOHCK 3~$eKTa ocy~ecT-
8nHnCH C nOMO~b~ MHOrocnOHHOH HOHH3a~HOHHOH KaMepbl Aene-
HHn 141

, n0380nH~~eH npOH380AHTb H3MepeHHH OAH08peMeHHO 
C A8YMH AenH~HMHCH 8e~eCT8aMH 232 Th /0,5 rp/ H U /0,5 rp 
ecTeCT8eHHoro ypaHa/. B 3a8HCHMOCTH oT HHTep8ano8 8peMeHH 
npHMeHHnHCb cneAY~~He MeTOAbl nOHCKa 3~~eKTa: 

1. B o6nacTH HaHoceKYHAHbiX 8peMeH 3KcnepHMeHTbl npo80AM
nHcb Ha ny4Ke OTpH~aTenbHbiX nHOH08, pOmAa~~HXCH Ha 8HyTpeH
HeH MHWeHH CHHXPO~HKnOTpOHa. 

3KcnepHMeHTanbHO AOCTynHbiH 8peMeHHOH AHana30H nOHCKa 
3~~eKTa npH 3TOM onpeAenHncH 6biCTPOAe~cT8HeM AenHTenbHOH 
KaMepbl H COCTa8nHn 6onee 10 HC. 
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Ha p ~ c. 1 np~BeAeH cneKTp speMeHHoro pacnpeAeneH~B 
aKTOB AeneH~B ecTecTBeHHoro ypaHa. B~AHO, 4TO KPOMe MrHo
seHH~x co6~T~R, s~3BaHH~x AeneH~eM BAep ypaHa np~ 3axsaTe 
n~OHOB, ~Me~TCB paBHOMepHO pacnpeAeneHH~e co6~T~B 3aAepmaH
HOrO AeneH~B, 3Ha4~TenbHO npes~wa~~~e ~OH cny4aRH~x cosna
AeH~R /s 110TP~LiaTenbHOR 11 4acT~ speMeHHoro cneKTpa, cnesa 
OT MrHOBeHHOrO n~Ka/. 
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P~c. 1. BpeMeHHOR cneKTp aKTOB AeneH~B s cosnaAe
H~~ C OCTaHOBKOH n~OHa B Aen~TenbHOH KaMepe. 

-2 4~CJ10 C06biT~H 3aAepmaHHOrO AeneH~B COCTaBnfleT 10 OT 
4~cna C06~T~R MrHOBeHHOrO AeneH~B, 4TO n04T~ Ha nOPflAOK 
npes~waeT O*~AaeMoe 4~cno aKTOB AeneH~fl M~oHaM~ ~1• np~cyT
CTBy~~~M~ B ny4Ke 77- -Me30HOB /np~MeCb p.- -Me30HOB COCTas
nBna HeCKOnbKO npOl.leHTOB/. 

He ~cKn~4eHo, 4TO TaK~e Koppen~posaHH~e c n~oHaM~ co6~
T~fl AeneH~B MOryT 6~Tb B~3BaH~ HeHTpOHaM~, o6pa3y~~~M~Cfl 
np~ OCTaHOBKe n~OHOB B Be~eCTBe KaMep~ ~ OKPY*a~~~X ee 
MaTep~anax. 
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2. no~CK 3¢~eKTa B M~nn~ceKYHAHOM A~ana30He npOBOA~nCB 
MemAY ~MnynbCaM~ yCKOpeHH~X 4aCT~LI np~ o6~4HOM pem~Me pa-
60T~ yCKOp~TenB. CTpyKTypa ny4Ka ~MeeT 4aCTOTY 166,5 rll. 
~ nonHy~ w~p~HY np~MepHo 1 MC. BpeMeHHaB ceneKLI~B cof~T~R 

AeneH~B npo~3BOA~nacb 1024-KaHanbH~M aHan~3aTopoM, pa6oTa~
~~M B MynbT~CKeRnepHOM pem~Me /w~p~Ha KaHana pasHa 4 MKC/ 
OTHOC~TenbHO C~HXPOH~3~py~~ero ~MnynbCa OT yCKOP~TenB. non
HOe speMB o6ny4eH~B KaMepbl AeneH~B B ny4Ke 7T- -Me30HOB 
cocTasnBno 4 4aca. 

BpeMeHHOe pacnpeAeneH~e aKTOB AeneH~B nocne cyMM~posaH~B 
no 10 KaHanaM noKa3aHo Ha p ~ c. 2. KaK B~AHO ~3 p~cyHKa, 

B cny4ae 238 U KpOMe MrHOBeHHbiX C06biT~H Ha6n~AaeTCB HeKOTO
paB 3aAepmaHHaB KOMnoHeHTa /cseTn~e Kpymo4K~/ co speMeHeM 
cnaAa -150 MKC. · 
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P~c. 2. BpeMeHHOR cneKTP aKTOB AeneH~B s o6~4HOM pem~Me 
pa6oT~ ycKOP~TenB. 

3Ta 3aAepmaHHafl KOMnOHeHTa np~CYTCTByeT TaKme np~ AO
nonH~TenbHOM nornoT~Tene /90 r/cM2Cu/, o6ecne4~sa~~eM 
OCTaHOBKY BCeX n~OHOB B ny4Ke /TpeyronbH~K~/, OAHaKO ee 
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BKnaA YAaeTcR c~nbHO yMeHbW~Tb c noMo~b~ aa~~T~ KaMep~ 

6opOM ~ KaAM~eM. no-B~A~MOMy, OHa CBR3aHa C AeneH~eM 2 35 U 
MeAneHHbiM~ HeHTpOHaM~. 4T06~ y6eq~TbCR, 4TO nHOH~ nonHOCTb~ 
OCTaHaBn~Ba~TCR B nornOT~Tene ~ He MOryT B~3~BaTb AeneH~R 
B KaMepe, M~ o6ny4an~ ABe ~AeHT~4H~e M~WeH~ ~3 BHCMyTa 
c nornoT~TeneM ~ 6ea Hero. Ha cpaaHeH~R ~HTeHCHBHOCTe~ 
raMMa-n~H~H c 3Hepr~e.:1 899 ~ 912 K3B ~aoTona 204mPb,o6paay~
~erocR a peaK~~H 209 Bi(11-, 5n), ycTaHoaneHo, 4TO 4~cno 
OCTaHOBOK n~OHOB B np~CYTCTB~~ nornoT~TenR COCTaBnReT 
MeHbWe 0,5% OT 4~cna OCTaHOBOK 6e3 nornOT~TenR. 

TaK KaK a MrHoBeHHOH 4aCT~ apeMeHHoro cneKTpa AeneH~R 
n~OHaM~ ~MeeTCR 3Ha4~TenbH~H BKfiaA AeneH~R TOfibKO HeHTpo
HaM~, TO 4~CnO MrHOBeHHOrO AeneH~R n~OHaM~ onpeAefiRfiOCb 
nyTeM B~4~TaH~R cneKTpOB 6e3 MeAHOrO nornOT~TenR ln~OH~ 
~ HeHTPOH~I ~ B ero np~CYTCTB~~ ITOfibKO HeHTpOH~I. 4~cno 
aKTOB MrHOBeHHOrO AeneH~R COCTaBnReT 13,06+0,621·1Q 6 .4~cno 
aKTOB aaAepmaHHoro AeneH~R e ~HTepeane OT T AO 5 MC cocTae
nReT 110+91. TorAa eepxHRR rpaH~~a 3~eKTa aaAepmaHHoro 

- -6 
AeneH~R AfiR ypaHa B A~ana30He OT 1 AO 5 MC 6yAeT 5,7·10 • 

B cny4ae 232Th l4epH~e Kpymo4K~ p ~ c. 21 np~ 17,85+ 
~1,571·10 5aaper~cTp~poeaHH~x co6~THH MrHoeeHHoro AeneHHR 
3¢¢eKTa aaAepmaHHoro AeneHHR He Ha6n~Aanocb. BepxHRR 
rpaH~~a 3¢¢eKTa 3aAepmaHHoro AeneH~R e 3TOM cny4ae pasHa 

-6 
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3. HccneAOBaH~e 3¢$eKTa aaAepmaHHoro AeneHHR e ceKYHAHOM 
A~anaaoHe ocy~ecTenRnocb MeTOAOM ~HKn~4eCKOH aKT~e~a~H~ 
a pe~~Me BHewHero aanycKa ycKop~TenR c noM~b~ paapa6oTaH
Horo cne~~anbHO AnR 3TOH ~en~ YCTpOHCTBa~/ lp H c. 31. 

BpeMR o6ny4eH~R a 3TOM cny4ae cocTaanRno 1,24 c. 3a 3TO 
epeMR o6ny4eHHR npo~CXOA~T 6onee 200 nocneAOBaTenbH~x 
aanycKoe ycKop~TenR. 06~ee epeMR pa6oT~ e 3TOM pemHMe 
cocTaanRno 3 4aca. BpeMeHHOe pacnpeAeneHHe co6~THH AeneHHR 
e npoMemyTKax pa6oT~ ycKOPHTenR 11,50 cl perHcTpHpoaanocb 
1024-KaHanbH~M aHanH3aTOPOM, pa6oTa~~M B MYfibTHCKeHnepHOM 
pe~HMe. 

Ha p ~ c. 4 noKa3aH apeMeHHO~ cneKTP aKTOB AeneHHR AnR 
ypaHa I4HCnO MrHOBeHH~X AeneHHH nHOHaMH COCTaBnReT 12,~+ 
+0,61·10 6.B A~anaaoHe 1,5 c nocne o6ny4eHHR aaperHCTPHPQaa
-;:;~ I 14+41 cny4aee AeneHHR, 4TO HaXOAHTCR e npeAenax omHAae
Moro ¢aHa OT cnoHTaHHoro AeneHHR ypaHa. B cny4ae 232Tb 

nony4eH cneKTp, rAe B AHana30He 1,0 C HMeeTCR 16~21 Co6~THR. 
npoBeAeHH~e npH COOTBeTCTBY~HX ycnOBHRX ¢oHOB~e H3Mepe
H~R Aa~T OCHOBaHHR rOBOPHTb TOnbKO 0 aepxHeH rpaHH~e C~ecT
BOBaHHR 3¢$eKTa. AflR ypaHa OHa COCTaBnReT 4,5·10-& AnR 
TOP~R - - 2 ·10 -~ 
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PHc.3. bnoK-cxeMa ynpaeneH~R pa60TOH CHHXpO~~KnoTpOHa 
a pem~Me BHewHero aanycKa. 

4. noHCK 3¢$eKTa B MHHYTH~X H 4aCOB~X AHana30HaX BpeMeHH 
npoBOA~ncR c HcnonbaoeaH~eM AH3neKTPH4ecKoro AeTeKTopa. 

11HweHH paaMepOM 3x 3 CM 2 H TOI1114HHOH 2 Mr I CM 2 BMecTe c 
npHnOmeHH~MH K HHM MOHHTOpH~MH naecaHOB~MH AeTeKTOpaMH 
o6ny4anHCb Ha nHOHHOM ny4Ke e Te4eHHe OAHOro 4aca. 4Hcno 
OCKOnKOB AeneHMR Ha 3THX AeTeKTOpax ~ paBHO -10 5 H 
6,5x10 5 AnR TOpHeBoH H ypaHOBOH MHWeHeH COOTBeTCTBeHHO. 

AflR BWRBneHHR ~KTa 3aAepmaHHOrO AeneHHR o6ny4eHHWe 
MHweHH nPMKnaAWBanHCb K aHanorH4HWM AeTeKTOpaM H3 naBCaHa 
Ha onpeAeneHHOe BpeMR 3KCn03H~HH. 3Ta npo~eAypa nOBTOpRnacb 
TPH*AW c nocneAoaaTenbHO yeenH4HBa~HMHCR apeMeHaMM 3Kcno-
3H~HH ICOOTBeTCTBeHHO: 1 MHH, 60 MHH. H 54 4acal. 

B T a 6 n H ~ e npMBeAeHw peaynbTaTw npocMoTpa 3TMX 
AeTeKTopoa. 
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P~c.4. BpeMeHHO~ cneKTp aKTOB AeneH~H B pe
m~Me BHewHero sanycKa ycKop~TenH. 

Ta6n~1..1a 

BpeMH 3Kcno3~1..1~~ 4~cno aKTOB AeneH~H 

232Th 23su 

1 M~H 2 2 

60 M~H 1 0 

54 1.1aca 0 19 

KaK B~AHO ~3 T a 6 n ~ 1..1 bl, AnH ypaHa Ha6niOAaeMaH 
CTaT~CT~Ka I 19 cofibiT~~ sa 54 1.1aca/ o6"bHCHHeTcH cnoHTaHHbiM 
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AeneH~eM. no3TOMY AnH AaHHOro A~anasoHa 3KCn03~1..1~~ BepXHHH 
rpaH~I..Ia 3$$eKTa COCTaBnHeT 2,9x10- 0 • AnH TOp~H BepXHHH 
rpaH~Lia 3$$eKTa -10-6 . 

Co6wT~H saAepmaHHoro AeneH~H, saper~cTp~posaHHwe B HaHo
ceKYHAHWX ofinaCTHX BpeMeH~, aBTOpW CKnOHHW OTHeCT~ KO 
BTOp~4HWM 3$$eKTaM Ha HeHTpOHaX. ManaH Ben~4~Ha OTHOWeH~H 

BepOHTHOCTeH 3aAepmaHHOro ~ MrHOBeHHOro AeneH~H MOmeT fibiTb 
CBH3aHa He TOnbKO C ManoA BepOHTHOCTbiO Cy~eCTBOBaH~H CnOH
TaHHO AenH~~xcH ~30Tonoe AOypaHoewx aneMeHTOB, HO ~ c ManoA 
eepOHTHOCTbiO o6pasosaH~H c~nbHOro HeATpOHHoro Ae$~1..1~Ta 
~3-3a KOHKypeHI..I~~ HeHTPOHHWX ~ Aen~TenbHWX KaHanOBn~ 

H B 3aKnl04eH~e cneAyeT OTMeT~Tb, 4TO 6wno 6w 3aMaH4~Bo 
nposecT~ nOA06Hwe 3Kcnep~MeHTW ~ pean~sa1..1~eA ny1.1w~x $OHo
swx ycnoe~A. 

ABTOPbl ~CKpeHHe 6narOAaPHbl npo$eccopy M. r. Me~epHKOBy 
sa ~HTepec K pa6oTe ~ nOAAepmKy, B.M.A6aaosy, H.C.5aTK~Hy, 
T.KporynbCKOMy, U.COAOBy, r.M.Tep-AKonHHY ~ P.YcMaHOBy sa 
noMo~b e npoeeAeH~~ aKcnep~MeHTOB ~ noneaHwe o6cymAeH~H. 
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