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ITpy peneHunyu pONIMaN nopora MOYTH BCH HayalbiHad 3HEPrHs BO3OYkOeHM:
yXxoauT Ha cospanpge fedopMmanui, TAK 4TO pejseecd SAPo B ceanoBoft Touk: o é&-
HopuTca “xonomuniM”. QO Bop [1] NPeAOIoKMAII, YTO OXJAaXAelHHoe SAPO B lepe-
XOMHOM cocTosnuu obnanaer cucTeMol UNUCKPETHHIX aHepreTHYeCKHX ypobHel
/xaHanon pnenenus/, nopobuolt ToHf, KkoTopaa naGuogaerTca y aaep paBHopecHolft dop~
Mbl IpPH HUBKHX sueprusx poabyxaeuns, 'amMma-xkpaHTel c aHeprue# 5-7 Mas,
cpaBHEMOfl ¢ BnlcoTOH Oaphepa nefleHud, ABASIOTCA BecbMa YAOOGHBIM, cpencTBOM
RIS H3YUYEHHMS HMCKpPeTHOH CTpyXTypkl ypomHeft B ceasnopoit touxe, [Ipu raxmx asnuep-
rHIX J'~KBaUTL HCNLITHLIBAIOT JKUIbL [UIO/LIOE M KBANPYNOALHOE NOrjomenxe, Ko
TOpoe B Ciyyae 4ETHO-4Y&THLIX sAeP~MHUIeHEH NPHUBOAMT K oﬁpa’aonadmo COCTABHAEIX
gep TONBLKO B ABYX BO3MOMHLIX CHMHOBLIX COCTOSHHMAX 1 H 2% y COOTBETCTBEHHO,
Ecnx geneHne NPoHCXOAHT yepe3d Haubonee HM3KHe COCTOSIHMS B cCeAJOBO# Touke C
npoeKmHe MONHOro yrJiaoBoro MoMeHTa aapa Ha ocbk cHMMeTprH K=0O, ro napunanb~
Hble CeYeHHs NellelHs AHMONBLHLIMH ¥ KBAADPYNONLHBIMY KBAHTAMH JIETKO DA3JIHYHTH
no ¢bopMe yrioBOro pachpefe/ieHHsi OCKONKOB: €~ (19) ~ /4 ? 19 &+ (A9)~
~ S5in*2 P , TlockonbKy RAuHAa BOJILL ¥ ~kpanTop paCCM&’rpnBaebex BHEPIHA CY~
mecTBeHHO Gonblie pajaHyca saapa, CleayeT OXH/aTh, UTO CEYEHHO NOIJoWMeHHS KBa~
ApPYIHO/NbHBIX KBAHTOL GyreT 3HAYHTEILHO MeHblle CeHeHHS nornomemm _AMIONBHEIX
xpanToB, OMHAKO, eciH paccrosgHume Mexay Huxuumu xazanamn 2V u 17 'octartouno
Be/IHKO, ¥ 3Heprus J'~-KBaHTOB HHXe BbICOTH Gapwepa ans kKanana 17, 17 6Gnaroaa-
ps $aKTOpy NPOHHUAEMOCTH BEPOSTHOCTbL NE/EeHHS AHIOIBHhIMHE XBAHTAMH OyHeT No-
papileHa HACTONLKO, YTO BKAAA CeYeHMs KBaApyHo/lLHOro (OTOMAENeHAsS cTaHeT BIOI~
He aamernsim [2,3].

BrnepBrle skclepHMenTalbHLEIC yKasailds HA CylleCTBOBaAHHE B yIJIOBOM pacrnpes-

nenemm OCKOJIKOB KB&ADPYNOJBHOH KOMNOHEHTH GbiM NOIy4YeHLl Hp¥ QoTodeneHuy

1 238 ¥ -kBanuTaMH TODMO3HOTO HA/yYEHHS C MAKCHMAJILHOH SHepraes
Em= 8,4 Mo Jlasapesoit u up.[4] ¥iMn 6pl7io ycTaHoBleHO, UTO [UUI ATOrO CIEeKTpa

g‘—xaam‘oa §£" = 0,5. Onuako, naMepeHHs Kana H OpP. [5 6] B IAPOKOM OHA~
nasone 8,3« E, < 90 MaB, B Tom uHcne u nna E, = 8,4 Map, He nokxasanu CKOlb—~
Ko~-HiBYnbL CyulecTBeHHOro BKiaga 62+ d)opxmau H IOxguccou [7, HCHOJILAOBAH

Y ~1y4H peaKknuy F(p,«y)0'® u obuapyxuan ua U 4 SHAYHTENBHYIO BEpPOSITHOCT
KBAAPYINONbHOro aeleHus (51/6,-~O 8) npu E = 8,1 Mas. Hccnegosanue yriopo-
ro pacrpefieleHus OCKOJNKOB NPH neleHHu gpyroro aapa U 238 [8] J‘-KBaHTaMH
3T0.* peaknuu, He oOHAPYXKUIO 3aMETHOl NPHMECH KOMIOHEHTH &z+(P) .
K TakoMy e BhiBOay nptéxggu an’ropéx&pa(ioq‘m (9] KOTOpble IPOH3BENH AaHAAOTHY~
Hple H3MepeHusa nad © } -nydax conpopoxpamomux panHa-
UUOHHBIA 3aXBaT MeNIeHHBIX Heﬁ'rpouon Tutanom /E=8,6 Mss/.

Takum oSpasom, B A4HHOM BONPOCEG B HACTOAIWICE BPeMaA CJOXHKI4Ck BEChbMaAa
NpOTIBOpeYHBAs CHTyAauHsd, B KOTOPOH He TO/JbKO HEBO3MOXHO NOJYYMThL NPEeACTaB-
NeHHe 06 OTHOCHTeJbLIOH Be/IHYHHE KBAADPYNOJAbLHOr"D [OTJVIOWEHHS, HO M caM (axKT
ofHApYXeHHAS AeneHus KBAAPYMONLHLIMH KBAHTAMH BLIGLIBAET COMHeHHe, DTO 06—
CTOATENLCTBO OGYUH/I0 HAC NMPOBECTH HCCAenoBaHme ofcyxnaemoro ahpexra, 6o-
nee noapobioe, YeM MpedAnpHHEMAaBlIeecs N0 CHX nop. B HacTosmel pabore npH~
BOASATCH Pe3Y/NbTATEHI H3MEpPeHHi! yriloBOr'c pacnpefelleHHS OCKOJNKOB UpH (hoTome-
nenmy U non neficrBueM y-xpanton peaxuum F'%(p,d ) Q's H TOPMO3~-
HOr'O H3/1yYeHHs 3/eKTPOHOB.

Hame ucrnonnaoBamach mpocrasi, HO BechbMa HANEXHAS METOAUKA DErHCTDANHE
OCKONKOB fnelenus MO clleaaM, KOTOPHe OHH OCTABJAIOT IPH NPOXOKASHHH depes
crexno {10].



YerpoiicTBo, npuMenypmeecs Vi HIMEpPeHHd YrJoBLIX pacnpenefeuxit ac—
Konkos /puc. 1/ npencramiasino coGoll kacceTty, B UeHTpe KOTOpPo# aaxpennsics
miolHoll cinolt ma ecrecrneulioro ypana Tomuol 1 MYs a4 no okpyxuocTH Bok-
pyr Hero yepea 15Y memny HanpaBaeHHSIMH 0°/180° u 00° 1o orsowenmo x
NyuKy §=-kpanTop pacnonaranuclh upsa HabGopa nnacrTuHox ma porocTexna, napap-
WHe ABe He3aBUCHMLIC pabHOUGHHLIE CepHu MaMepenunft, HekoTopule kKonHyecTBeHHbIO
XapaKTepUCTHKH reoOMOTPHK OnuLTa B U3MCPEUHAX ¢ { ~KBAHTAMM peaKuuu
Fip,o ) 0’® ¥ TopMO3NOI0 MiNY4YeHHA NpHBeneHLl B rabnuue Ha puc. 1. [Monpol=
Hee MeTo/llIKAa BKCIepHMeHTa onucaHa B pabore [1 l] .

chnepumeu'x‘a'xbnme pannnie OGpﬁG&TblBaﬂHCb C ITOMOUBIO MEeTOLa HAHMECHbw~
WX LBAAPATOB C YHOTOM KOHQUHOTI'O YIVIOBOTO paapeluedns oumita, Yrnosute pac-
npepgesleHNUst OCKOJIKOB BblH npeacranjeHL! 3aBHCHMOCTLIO

W(9): ae ES5n2d +c S$int2 P /1/
Bripaxenne /1/ b camofi oblie#t popMe ONHCLIBACT Yr/IOBYI0O 3aBHCHMOCTL BEpPOST=—
HOCTH [GJCHHAH YeTHO-YETHLIX SIACD AHIIOIBALIMM K KBaOpy!OJIbHLIMA KBAHTAMH,

B usmepennax na f-kpalurax peaxiuHu F"°(p,a(,j’)0’G MLl CTPEMUITHCh KAakK
MOXHO TOYHEe BOCHPOHIBECTH ychaopua onuita dopxkmana u l0xanccoda [7].140-—
TOYHHKOM a’—xuau'rou CllyXHaa TolcTas MuileHb H3 kpucranna Cafs; , obay-
yapuwasca NpoToHamu ¢ wsneprucht E=1,45 Moap., CnekTp HaiyueHHs DEaKuUHH coc—
TOUT U3 TPex MouosHeprerTudyeckux auuuit 6,1; 8,8;7,1 MasB, MHTCHCHBHOCTH KO-
TopuLlX MPH 3THX ycilohuax oTuocarcs kax 1,00:0,15:0,17 [7] . B nangoMm sxcrne-
pPMMeEHTe KacCeTa C NNacTHHKaMH [I0MeWAMACL BHYTPbL MepMeTHYHOH TOHKOCTEeHHOI
KaMepnl, BakyyMHupoBaBueiicss Ha BpeMst o6nyvyedns., Bonee noapo6iio 3TH uaMepe-
Hus omucaHer B pabGore [11] /oM. Takxe [12] 1.

- . U 238
Ha puc., 2 naHHble HAGTOAUIEro ollniTa and pegcTaBilelibki B BHARS 34—
BHCHMOCTH OT 3Q(eKTHBHOTO yria, yuuTLIBAOWEro KoHeyHoe YIoBoe paapeuense,

H CpPaABHHBAIOTCH C COOTBETCTBYIOUINMH
o — JHaHHBIME padoTel [7].
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Puc, 2, ¥Yraopoe pacnpeéhe eHHe
ocKkonkop poTomenenuas U ' 16

Y ~xBaHTaMK peaxnny F"(P,-‘ ¥) 0.
Cnnownoft KpuBoO#t NpencTAaB/IEHH AaH~
Hble HacTosime# pa6orTbl, NMYHKTHEPHAaN
KpABasl nocTpoena ao pesynbTaraM pa-
Gornt {7].

1 L. A I [

1 30° 6Q° 90°

¥

CnnaouHas KpHBas V/(‘ﬁ) =0.22-_*-_0,02+(0,78t0,03)5«"'“9 +(0,04+0,04)Sin*2%9 pac-
CUMTAHA METOAOM HAMMEHBMHX kBaapaTon, [TyHKTUPOM NOKAa3aHO Yriouoe pacmpe-—
nenenne ocxonxos W(F) = 0,24+0,78 Sinty +0,24 §int2P coorpeTcTByOUIEE POIYNTh-
TaraMm paBoTs [’7] L9 BCEro CHNeKTPATbHOro cocrasa  )-KBaHTOB, HCMYCKAEMEIX
» peakunn FB(p, o [)0'® na Toncroti mumenn na G Fy npe E=1,45 Mae, HUa puc,
2 BMAHO, 9TO HaAWlM M3MEpeHus He MOoATBepXOalT pPe3ylLTaToB padoToi [7] OTHO-

. CHTeNBHO 6GoablIOro BKJA&AA KBaApPYNOJEBHOK KOMIOHEGHTH! B NONHOE COYeHHe aeleHHS
B ofnactu “nnaro” /E=6# Msn/. :

OneITel € HYHKOM d‘—-xaamos TOPMO3HOT'0 HM3Ny4YyeHMs OpifIM BHINOJHEHLl Ha
12 Mss-oMm MmuxpoTpoue HHcTHTyTa dusHyeckux npobiaem AH CCCP [13,14] .
Bonsuoe paccTosHue Mexay 3ACKTPOHHEIMY OpPSHTaMH M MEKpoTrpoHe /okono 35 mMm/
HOJAOMNUI0 HPOMABOAHTbL OONyueHHe HeNOCPeNGTBGHHO B BAKYYMHOIl KamMepe yCKOpHTEe-
na, Mumiedblo ciayXmil BoabppaMoBbit nACK TonwuHofl 1 MM, 3a KOTOpPLIM NOMeuja-
lack KacceTa CO ClO0eM ¥ CTeK/JaMH, 3ana’HHO@ 3HAYEHHCG 3HEeprru Ew YycTaiarnu-
PanoCh K&K NepexoaoM Ha pasible OpOHTH, TAK H BapPHAaNHefl MATCHETHOTO [0S,
ToO4YROCTL ONpenc/eEHs SHePrHN C yudToMm HecrabuibHocT® He xyxe O,1 Mss,
Cpennu#t Tox anexTpoHob amoctiran 50 mMxa. B nannom sxcnepumMenre 61 goc-
THPHYT 3HAUUTEHNBHbLI# BBLIMIPLIW B MHTEeHCHBHOCTH AENEHUR B CpPABHEHHH C YyClo-
BUMSIMH ONBITA B $HANOTHYHLIX BLIUTOMIGHHBEIX PaHee H3Mepedusx. STo HNperMymecT-
BO N&l0 BO3MOXIOCTL OCYILECTBHTL HiMepeHus B HamGolee HHTEDECHOR ¥ Ao
Cux mnop HemsyueHHoH obnactu suepruft  p-xsauron c E,< 68 Mss, rae npouscc
OMIIONBLHOIO NelleHHs CTAHOBHTCH CYyINecTBEHHO honbapbepupiM. B aToli obnacru
Em , HECMOTPY HA TO, MTO B CHEKTPE TOPMOBLOrD UINYYEHHS NPHCYTCTBYIOT

§ -xBanTh c sHeprueit or 0 no Em , BCIGACTBHE PEAKOro yMeHBUIOUHS Be-
POSITHOCTY Aeneuns BOGAHIM Nopora /cs. BCTABKY HA PxC.3/ peanbublit CHexT)

{ -xBanTOB, UPOUSBOARINAX AeJIGHH® MMeeT (OpMYy NOCTATOHHO YQREOH NHHHM



¢ nonywnpusoit~ 0,1 Map, HaMmepenus yraoenx pacnpefeneHuffi ocKo/KOB Gbliin
pbinondens! ana E, =5,2; 5,4; 5,656; 5,9; 6,4; 6,9 u 9,25 Moasn,

Ha puc. 8 usobpaxeHna 3aBUCHMOCTb OT Ep, oTHOWenus xosdduunenrton /4
u €/4 , NONYyYeHHLIX B pe3yanTaTe o6paboTKE SKCNEPHMEHTANLHEIX AAHHBIX N0 Me-
TOAY HAHMEHBLUWHMX KBaapaToB, Y TOYHHM (HIMYECKHHE CMBbICH KOa(hdHMUHEeHTOB, BXOAd—
mex B BuipaxeHue /1/. Ecnu sseprus
TonpKO HUXalmux xasanoe nenesms 27 u 1~ ¢ K=0, To koadppauresT a=0. B arTom
cllyuae OTHOIIEHHEe ABYX APYTHX KOS(Q()HUUEHTOB IOJIHOCTBIO OmnpenensieT OTHOCHTe b=
HY10 BEPOSTHOCTE AEJIeHMS [UNOIBHLIMH H KBAAPYNOJIbLHbIMHA KBEHTAMMU: 6’:'/6;. =§.C/6.
B msoTponuyio yacThk YriiOBOTO DAacHpefelleHns OCKOIKOB BHOCHAT BKaan Golee Bbi-

CoKopacnollo¥enurle KAHano c xapaxteprcrmkoit K=1., Ecnu MmoxHo npeHe6peyn

[ -xBauToB nOCcTaTOUHA ANE BOSGYMAeHHS

pkinafioM KBaApyHMOABLHBIX [AelIeHHH, TO BenndIuHa ‘/a-!- l/2 papna oTHoweHRHIO ceue-
HUll neNleHHs ORMONBHBIMHE KBaHTaM# yepe3d cocrosiHEa 17 ¢ K=0 u K=1,
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Puc. 3. 3aBMCHMOCTL OTHOIIEHHS KO3¢-

¢unuentos4/4 u /6 or mMax-
cuMallbHON 3Hepruy J —~KBAHTOB
TOpMOBHOI'0 HanyyeHusa, Ha
pcTaBke usobpa)xeH sHepreTH-
yeckui SR ceueHus poronene~
nna U B palioHe mnopora.

Bca coBokynHOCTB MONy4YeHHBIX
B HacToOAUeM 9KCNepHMeHTe NaHHLIX ,
NpencTaBleHHLIX HA PHEC, 2 A 3, B co-
riacud ¢ GONLUEHCTBOM ONYGNHKOBAaH-
HBIX paboT [5,6,8,9], HO B [POTHBO~
MO/IOXHOCTb uU3MepeHuamMm JlasapeBolt u
np.[4] u dopkmama u IOxamccoua [7]
noxasniBaeT jiTo BKNan G3+ B NoOHOE

7

ceuyenMe Ae/lvHHg OYeHL Majl ¥ Mo Mo-
PSIAKY BEIHYHHBI COTJIACYeTCS C DJIeK—
TponEHaMugecKol onenkoh ©254;. ~(§J ~
~5,107¢, Jluwp B riy6oxo nogbapbep-—
Ho#f oBnacrtn sHepruft pol3byMOeHHA B
COOTBETCTBHH € npeackasasdem [pudp-
¢usa [2], ocmosansom Ha npeacras-
nenugx 0, Bopa [1] O CTPYKType KaHa-
JIOB OelleHUsi yeTHO-YeTHbIX $nep, cra-
HOBHTCH CYWIECTBEHHbIM A€lleHHe KBa-
npynonbHLIMY KBanTamu, Ero cesenue
nocturaeT npu Epy = 5,2 Map 45% non-
HOI'O ceyeHus gesieHuss /cM, puc. 4/,
llobenenne mapameTtpa 9/f unaxonmrTcs B
KaueCTBEHHOM COr/IaCHH C YCTAQHOBJIGHHOH
paHee TeHOeHuUHe@ NOCTENEHHOTo BO3pac-—
TaHHg C yBeluuyeHueM Em H30TPONHOH
nonu ceuenus [5,6). A6comoTurie 3na-
uyeHus 9/4 , nonyuemnvle B AaHHOH paGo-
Te, CHCTEMATHYECKH HECKONIbKO HHXe CC—
OTBETCTBYIOMUX M[AHHBIX APYTHX ABTOPOB,
HCIIONB30BABUIMX B KayecTBe HCTOYHHKA
TOPMO3HOI'0 Hany4yeuxsd 6eTaTpPoH HIH
cuHXpOTPoH, KoHTponwHb#t omeir npu E_,, =
9,25 M»sB ¢ MumeHsasMu TonummHoN 1 u
0,05 MM yBegnn Hac B TOM, YTO 3TOT
addexT obycnosnten pasHHueil B ToNmuHe
.MHIIGHH, a CleloBaTeNLHO, B B CHEeKTpax
TOPMO3HOIO HU3Jy4YeHHd.

¥



3aMeyaTenbHol OCOGEeHHOGCThLIO 34BHCHMOCTH a/B or E,, 4BAgeTcs NpPakTUueCKH
floNlHoe@ OTCYTCTBUE B YIVIOBOM pacHpefie/ieHHH OCKOJ/KOB HACTPONHOH KOMIOHEHTh!
IpH HM3KHX SHeprusx po3byxuaeHusa, HMHbIMM cloBaMH, 3KCHEpUMENTANbHbLIE AaH~
Hble C BEechMa BLICOKOH TOYHOCTLIO cleaylorT npenckasanuio teopuu O, Bopa o
TOM, 4YTO Hauboliee HU3KHE KaHalbl AeJIeHMS HMeIOT HyJleBoe 3HAuYeHHe NPOeKUUH
yrnosoro Momenra. K. DTor peayinbtrar cleAyeT, no-pHAMMOMY, PA&CCMATPHBATL
K&K CepheaHLIll apryMeHT B NOAbL3Y TOro, 4TO BeauunHa K sBnseTcs AOCTATOYHO,
XOPOIUIYM KBAHTOBBLIM HUC/IOM, COXPAHAIOIIMMCH Ha& BCeX CTanugx npouecca AelIeHus
oT BepluuHrl Gapepepa OO0 paapbiBa.

ApTopbl ay6oko npusaHatennHb JI.H. Ycauény u H.C. PaGoTHoBy 3a nocra-
HOBKY 3anaiu ¥ 6/aroTeopHoe COTPYAHHYECTBO H& NPOTSKEHMH BCel paboThl, a
rakxe I1.JI, Kanune sa noanepxxy uccnenosanuft, B.[l. Ilepeasiruny u C.I1. Tperb-
IKOBO# 3a O3HAKOMJEHHe C METOAHKOH PEerMCTPanMM OCKOJIKOB C NOMOWbI CTEKON
u M.K, TonyGenohn, JI. D. T'opneeso#t ¥ H.E. Penoposoit sa ydacTtue B pa50're.

¢ 0° 60° ‘ 90°
0 3 \ g %

Puc. 4. an% pacnpeneiieEne OCKONKOB ¢oToaeneHus
TOPMOSHLIMH  Y* —Ny4aMu C E,n =5,2 Map,
onucmaaemoe ypaBHeHueM
w(?)= 0,04+0,04+(0,96+0,05) sin? O +(1,0210,07) sin'g -
[TyuxTHpoM HOK&3aHbl TPH KOMIOHEHTH! 3TOr0
pacnpeneneHnHs,
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When fission occurs near the threshold almost all the initial excitation
energy is used up in the deformation of the nucleus, so that the fissioning
nucleus becomes cold at the saddle point. "4, Bohr ZT1_7 suggested that in the
transitional state a cold nucleus possesses a system of discrete energy levels
(fission channels) similar to that observed in nuclei of equilibrium shape at
low excitation energies. Gamma quanta with an energy of 5-7 lieV, comparable
with the height of the fission barrier, are an extremely convenient means of
studying the discrete structure pf levels.at the saddle point. =t such energies
gamma. quanta undergo only dipole and quadrupole absorption, which in the case
of even-sven target nuclei lead to the formation of cempound nuclei in only two
possible spin states, 1- and 2+ respectively. If fission occurs through the
lowest states at the saddle point with projection of the total angular momentum
of the nucleus onto the symmetry axis K = O, then the partial cross-sections
for fission by dipole and guadrupole quanta are easily distinguished by the
shape of the angular distribution of the fragmentss gl_(o)~sin29 and
o, (0)~sin2 29%. Since the wavelength of gamma quanta possessing the energies
under consideration is considerably greater than the radius of the nucleus, one
would expect the cross-section for the absorption of quadrupole quanta to be
considerably less than the cross—section for the absorption of dipole quanta;
However, if the distance between the lower 2+ and 1- channels is sufficiently
great and the energy of the gamma quanta lower than the height of the barrier
for the 1~ channel, the probability of fission by dipole quanta  will, because
of the penetration factor, be reduced to such an extent that the contribution

of the quadrupole photofission cross—section becomes guite appreciable [§,§79

dxperimental indications that the angular distribution of fragments

incéudes a quadrupole component were first obiainecd with the photofission of
2
U 5 by bremsstrahlung possessing a maximum energy E_n = 9.4 MeV / 4_7n It was
i
established that %, ~ 0.5 for this gamma quanta spectrum. However, other
- 20

measurements 13,§7 carried out over the wide range 6035311520 lieV, including
‘ il
Em = 9.4 MeV, revealed nc substantial 02+ contribution. Using gamma rays fiom

1 16 .
the F 9(p,ay)0 reaction and U238,Forkman and Johansson 177_7 discovered that

there was a considerable probability of quadrupole fission (02+/0 ~ 0.3) at
1- .
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= 6.1 MeV. Study of the angular distribution of fragments accompanying the
fission of'Ueaé nuclei by gamma quanta from the same reaction_[—8;7 did not
reveal any noticeable contribution by the 02+(A) component. The same
conclusion was reached by Carvalho and co-workers Z~9;7, who carried out

238 _

similar measurements for U and Th25 using gamma rays accompanying the

radiative.éapﬁure of slow neutrons in titanium (E = 6.6 MeV).

Thus, this problem has given rise 1o an extremeiy contradictory situation
in whidh it ig not'only impossible to obtain an idea of the relative extent of
quadrupole absorption, but there is even doubt as to whether fission by quadru-—
pole gquants has been discovered at all. This state of affairs prompted us to
study this effect in greater detail than previously. The present work contains
the results obtained for the angular distribution of fragments accompanylng the
photofission of U 238 Caused by gamma quanta from the Fl9(p,ay)0 reaction aund

by bremssitrahlung.

We employed a simple but extremely reliable method of detecting fission

fragments by the tracks which they left in their passage through glass Zi97o

The set-up employed for measuring the anguler distributions of the
fragments (Fig. 1) consisted of a light-tight box in the centre of which was
mounted a doublse layer of natural uranlun Wlth a thickness of 1 mg/cm o Afound
the uranium layer ‘and ‘at a constant dlstance from it were arranged between
0° and 90 and between 180°% and 270 two 'sets of light-sensitive glass plates
placed 150 apart. These gave two independent .equivalent series- of measurements.
Bome quantitative characteristics of the experimental geometry employed in
carrying out measurements with gamma quanta from the F19(§,ay)016 reaction and
bremsstrahlung are given in the table accompanying Fig. 1. - The experimental

method is described in greater detail in Zil7u

Least squares fits were made to the experimental data with allowance for
the finite angular resolution of the experiment. The angular distributions of

the fragments were presented in the form
() =a+ D s5in°g + ¢ sin® 29 (1)

In its most general form expression (1) describes the anguler dependence of the -
probability of even-even nuclei undergoing fission by dipole and guadrupole

quanta.
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In earrying out measurements with gamma gquanta produced by the
Flg(p,oc'y)(‘)16 reaction we have tried as far as pomsible bte reproduce the
conditions of the exporiment porformod by Forkman and Johansson Zf7;7u A
thick Can crystal targot bombardoed by protong with an energy of 1.45 MeV
wap uced as a source of gamme quanta. Tho radiation spectrum of the reaction
consicts of three monoonergetic linos with energies of 6.1, 6.9 and 7.1 MoV
and, in thece conditions, intensity ratios of 1.00 ¢ 0.15 ¢ 0.17 177_7‘

In our experiment tho light-tight box with the plubes was placed inside a
thin-walled chamber in which & vacuum was maintainod during the irradiation
poriod. These measuremonts arc described in greater detail in /117 (soe also

£27).
7!

The results of this experiment using U2)d are prosentod (Fig. 2) as a
function of the effective angle, allowing for finite angular resolution, and
are compared with the results obtained by PForkman and Johansson [T7_7.

Captions

Fig. 1 (bottom of page 3 of original)., Ixperimental sot-up and geometry.
‘ 258

(on figure) Gamma source U layer
glass
i ' )
a b R L D
Gamma rTay source

bbem : em | cm cm n)
i ‘ i
79 (p,ay)0t® 1.0 ! 5.6 5.0 ¢ 7.0 1.5
c : a
Bremsstrahlung 0.8 | 2.0 | 4.0 ' 65 1.0

-

Fig. 2 (top of page 4 of original)ﬁv angular distribution of fragments
accompanying the photofission of U‘Z)8 by gamma quanta from the
'F19(p,ay)0 & reaction. The continuous curve represents the results

of the present work, while the brokea linc was_constructed from the
results obtained by Forkman and Johansson / 7_/.
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The continuous curve, W( &) = 0.22%£0.02+(0.78%0, OB)ainZ9+(O»04i0a04)sin228, is
o least squares fit. Tho broken ourve nhows the angular digtribution of
fragments, W(U) = 0,2440,76 slnze + 0.24 sin 29, obtained by Forkman and
Johansson,177_7 for tho entire spectrum of gamma quanta produced by the
79(p,07)0"® reaction in a thick CaF, targot at B = 1.45 MeV. Tt can bo seen
from Pig. 2 that our meapurements do not confirm the results of Forkman and
Johansson regarding the large contribution of the guadrupole component to the

total figsion cross-—section in the platean region (I = 6-7 MeV),

Bxperiments with o bremestrahlung beam ware carriod out on a 12-MeV
microtron at the Institute for Physical Problems of the USSR academy of
Scioncey Zf},l_7n The large distance between electron orbits in the micretron
(about 3% mm) permitted irradiastion directly in the vacuum chamber of the
accelerator. The target was a tungsten disc (thickness 1 mm) behind which was
placed the light~tight box with the uranium layer and the plates. (iven values
of Em were obtuined eitner by transitions to different orbites or by wvarying the
magnetic field. - The enorgy values were determined to within 0.1 MeV with
allowance for instability. The mean olectron current was 50 ph. A considcrable
gain was achieved in fisgion intensity compared with the experimental conditions
of similar measurements carried out previously. Thic advantage enabled us to
carry out measurements in the most interesting region, not hitherto studied, of
gamma guanta with Em<:6 1eV wherc dipole fission occurs well below the barrier.
In this Em region, because of the sharp decrease in the probability of fission
near the threshold (soco insert in Fig. 3), the real spectrum of the fission-
inducing gamma quanta is a fairly narrow line with 2 half-width of approximatély
0.1 MeV in spite of the fact that there are in the bremsstrahlung spectrum
gamma quante with energy from 0 to Emo The angular distributions of the

fragments were measured for En = 5.2y, 5.4, 5.65, 5.9, 5.4, 6.9 and 9.25 .cV,

Fig. 3 shows hcw tho ratios +/b and c/b, vbtained by loast squercs fits o
the exbderimentzl wcolues for the zoafficicnis a, b and ¢ in sxpression (1),
vary as a function of .1° Let us spoecify more closely the physical meaning of
these coefficients. If the energy of the gemma quanta is sufficient for the
excitation of only the lowest 2+ and 1~ channels with X = 0, then 2 = 0. 1In

that case the ratio of the two other coefficients completely determines the
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rolative probability of fLimsion by tho dipols and gquadrupole quantas

°2+/“l— = 4/5‘c/b” Tho higher channols with X = 1 contribute to the isotropic
part of tho angular distribution of the Troagmentn. If one neglectns the
quadrupole fisglon contribution, then b/a + 1/2 ig equal to the ratio of the
crogn-pections for fissior by dipole quanta through 1- states with K = O and
K=1,

All the results obtained in this exporiment and presonted in Figs., 2 and
3 agreo with most of the publichod works /%,6,8,9/, but show in contrast to the
meagurements carried out by Laszarcva and co-workors 174;7 and by Forkman and
Johansron 177_7 that tle 02+ contribution to the total fission cross—section
is very small and agrees in order of magnitude with the electrodynamic cstimate

PV (R)z ~ 5 x 1072, 1In accordance with Griffin's prediction /2 7,
1~

A
basod on the ideas of A, Bohr / 1 / concerning the fission channel structure

ol even-even nuclei, fission by gquadrupole quanta becomes important only at
excitation energios well below the barricr. The creoss-section Tor such fission
amounts to 45ﬁ of the total fission cross—-scection for Em = 5,2 leV (Fig° 4).

The bohaviour of a/b is in qualitative agreement with the previously established
tendency of the isotropic portion of the cross-section to grow gradually as

I increases /5,6/. The absoclute values for a/b obtained in the present work are
consistently somewhat lower than the corresponding values obtained by other
authors using a betatron cr synchroton as the bremsstrahlung source. A control
experiment carried out with Em = 9.25 eV using targets 1 and 0.05 mm thick
convinced us that this cffect is due to the differonce in target thicknoss and

consequently in the bremsgtrahlung spectra.
Capition

Fig. 3 (pago 5 of original). watios a/b and c/b as functions of the
naximum bremsstrahlung energy. The insert shows the encrgy dependence
of the U230 c¢ross-~section for photofission near the threshold.

A remarkable featurc of the dependence of a/b on §  is the virtual abscnce
B o]

of an isotropic component in the angular distribution of fragments at low
excitation energies. In other words, the oxperimenial reszults agree very
clozely with Bohr's theoretical mrediction that the lower fission channcls
possess zero projection of the angular momentum XK. This result would appear
to constitute a serious argument for regarding K as a rcasonably good quantum
number which is conserved in all stages of fission from the top of the barrier

to disintegration.
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Caption ...

Pig. 4 (page 6 of original). Anguler distribution of fragments
accompanying photofission of 238 by bremsstrahlung with By = 5.2 MeVy
described by ogquation w#(9) = O,O!;tOLO/H-(O,96?'~'O°05)sinzx‘)i-(l“OZ'.’:O,O'])Gin22~9..
The ~roken lines denote the throo components of thn distribution,
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