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Photo-Fission in Heavy Elements®

. C. Barpwin awp G. 5, KLAIBER
Research Laboratory, General Electric Company, Scheneclady, New Vork

{Received October 4, 1946)

Measurements have been made of the vields of photo-
fission in uranium and thorium together with a search for
photo-fission in other heavy elements, using continuous
x-rays from a 100-Mev betatron, Fission was detected in
the presence of an intense background of x-rays by a dil-
ferential ionization chamber and linear amplifier, the
substance investigated being coated on an electrade of one
chamber. A Victoreen r-thimble, surrounded by &-inch
lead walls, wasz used to monitor the radiation, Curves were
obtained of the number of fizsions per roentgen unit for
uranium and therium. These are of similar shape, the
uranium curve showing a rapid rise with increasing x-ray
encrgy up to 18 Mev, followed by a gradual decrease as the
maximum energy of the x-ravs is further increased: the
vield of fissions per roentgen at 100 Mev is about half that
at 18 Mev, The ratio of uranium and thorium vields is
very nearly two at all x-ray energies, No fissions were

observed in intense 100-Mev irradiations of Bi, Ph, TI
Au, W, and Sm. Determination of cross sections from the
vield curves is complicated by the continuous spectrum of
the x-rays which has not been measured experimentally. A
rough analysis of the data has been made in which a spec-
trum is assumed for which the intensity is constant in each
unit energy interval and the r-meter eficiency calculated
roughly from a simplified picture of the generation of
secondaries in the lead walls, The resulting analysis of the
yield curves shows that the cross section for photo-fission
as a function of quantum energy passes through a maxi-
mum and then decreases and is extremely small above 30
Mev, The maximum cross section is of the order of
23107 em? for uranium and half that for thorium, In the

other elements studied, the cross section must be below
10—*% cm?,
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X-Ray Yield Curves for y— n Reactions

G. C. BaLpwin anp G. S, KLAIBER*
General Electric Company, Schenectady, New York

(Received February 5, 1948)

Yield curves for the reactions OC%{y,n)C" and
Cu®(v,n)Cu® have been taken with x-rays up to 100 Mev.
The induced radioactivity at each energy is plotted per
unit x-ray intensity as measured by a r-meter thimble
jacketed by } in. of Pb. Both yield curves are similar to
the photo-fission yield curves, the x-ray yield increasing to
a maximum and then slowly decreasing as the x-ray energy
is increased. With simple assumptions regarding the
generation of ionizing secondaries in the Pb walls of the
monitor and assumption of a constant intensity x-ray
spectrum, these curves can be analyzed. The relative

cross section is found to have a maximum at approximately
22 Mevy for Cu® and 30 Mev for CU, decreasing to negligible
values at high quantum energies. This decrease in cross
section can be attributed to competition from multiple
disintegrations. These reactions provide detectors sensitive
only to part of the x-ray spectrum. Absorption curves
have been taken in Pb using uranium photo-fission and in
Cu and Pb using the Cu®(y,n)Cu® reaction as detectors.
The resulting absorption coefficients compare favorably
with theoretical values.
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PHYSICAL REVIEW VOLUME 74, NUMBER 9 NOVEMBERI, 1948

On Nuclear Dipole Vibrations

M. GOLDHABER
Depariment of Physics, University of Tllinois, Urbana, [llinois

AND

E. TELLER
Institute of Nuclear Studtes, University of Chicage, Chicago, Illinois

{Received July 22, 1948)

The high frequency resonances recently observed for (y,n) reactions as well as photo-fission
are interpreted in analogy with the “reststrahl frequencies” of polar erystals. The estimated
frequencies are in good agreement with the experimental results. An interesting consequence of
this interpretation is the conclusion that strong resonance scattering of ~-rays should take
place at a frequency characteristic of the scattering nucleus.
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Wilkinson, D. H. Physica XXII
1956 1039-1061
Amsterdam Nuclear

Reactions Cenference

NUCLEAR PHOTODISINTEGRATION
by D. H. WILKINSON *)

Cavendish Laboratory, Cambridge, England ¥)

Synopsis

A survey is given of the chief mechanisms by which electromagnetic radiations inter-
act with nuclei. The shell, collective and high momentum models are separated and
their regions of applicability are approximately delimited. In particular the importance
of high-momentum states for high energy photon interaction is emphasized. After
comment on the success of the shell model in describing dipole transitions in light
elements an examination 15 made of the “‘giant resonances’ from the same point of
view. After some discussion of earlier collective models of this phenomenon it is
suggested that the absorption of gamma-rays in the closed shells of the nuclear core
will give rise to a giant resonance. It is shown how such absorption is strong enough
to accord with experiment and how there is a very strong clustering of such shell model
transitions in resonance form. Difficulties with the absolute energy scale are discussed
but not completely resolved. The widths and variations in width of the experimental
giant resonance are satisfactorily accounted for. The ‘‘resonance direct’” process by
which a nucleon may be emitted from the nucleus in a single-particle state is described
and it is pointed out that such emission leads to a roughly “Maxwellian’ spectrum.
The anomalous emission of protons from heavy nuclei i1s dealt with in detail and it is
shown that the resonance direct mechanism accounts quantitatively for such emission
from the points of view of absolute cross-section and also proton energy distribution,
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Il. POHOHHOE MPOCTPAHCTBO
E*TUrTAHTCKMUE PE3OHAHCHI
B OE®OPMUPOBAHHBIX SIAPAX

J. A. Maxaoe, B. I'. Cono6ves
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B COEPUHECKUX AOPAX

A. H. Booseun, B. I'. Conroeves

OStefWHEHHBIA HHCTHUTYT AAEPHBIX WCCheACBRaHAA, [lyGHa



PEJIAKCAITN S TMTAHTCKHNX PESOHAHCOB:
IMOJIYMUKPOCKOIINYECKOE OIIMCAHUE
(METOAbI, PE3YJIBTATHI, IIEPCIIEKTUBHI)

M. I. Ypuu'"*

! Hayuonaavisiti uccaedosameaveruti adepuvitl yrnusepcumem “MHPH”, Mockea, Poccus

Manoxen mosyMHKPOCKONUYECKUH TMOAXO0A K COBMECTHOMY ONHMCAHMIO OCHOBHBIX
MOJ peJlaKCallMi PMIaHTCKHX PEe30HAHCOB B cepuyeckaux sapax. IToaxos ocHoBaH
Ha KOHTHHYYMHOI BepCHH NPUOMMIKEHHd Ciy4aiinoii daswl u deHOMEHOIOrMYeCKOM
onucanun dparmentanuonaoro s¢dexra. Mocreauuit yunTbiBaeTes B “momocHoM”
npuOIMKEHUH B TEPMHHAX 3aBHCAIIEN OT SHEpruu BoabysxIeHus MHUMON YacTH OJ-
HOYACTHYHOrO 3¢ HEKTHBHOIO ONTHYECKOTO NOTEHUUANA HENIOCPEICTBEHHO B yPABHe-
HUAX yKa3anHOro npuGmnkenusi. B npakTideckolt peasusanyuy noaxoaa UCTOTs3y-
1orca BzanMozeiicreue Jlannay-Muraana B kKaHate 4acTHIA—IBIPKA deroMeHo10-
THYECKOe Cpejuee 1oJe 4pa, CBA3AHHbIe YCI0BHAMH YACTUYHOTO CAMOCOT/IACOBAHMA.
ITonyuenubie B paMKax NOAXOAA PE3YTLTATH PACYETOR HHTErPANLHEIX U Auchcepen-
IMaJIbHBIX XAPAKTEPUCTHK PALA FUTAHTCKAX PE30HAHCOB B IMHPOKOM HHTEPBAJIE SHED-
ruit Bo36yXKACHHA UCHOMBIYIOTCH Il CPABHEHHUSA € HMEIOIUMHCH SKCIEPHMEHTA b
HBIMH JAQHHBIMH, & TAKXKe [JI NPEeACKa3anuil Pe3y/IbTATOB BO3MOMKHEIX SKCIIEPHMEH-
Toe. CpopmysupoBana 4acTHYHO-ABIPOYHAS ONTHYECKAS MOJIEJTb, KOTOPasi CJIyKHUT
Kak 000CHOBAHMEM CYIIECTBYIOmel BePCHH NOJIY MHKPOCKOIIHYECKOTO TIOAXOMA, TAK
6a30BBIM 3/1CMEHTOM ONHUCAHKs BO3OYXKAEHH THIA YACTHIA-ABIPKA DY HPOU3BOJIb-

Holt (HO AocraTouso Goskinoit) sHepruy.

Available orline at www.sciencedirect.com
-
- -
i i NUCLEAR
»” ScienceDirect NUCLEAR

A

Nuclear Physics A 811 (2008) 107-126 —_—
www.elsevier.com/locate/nuclphysa

Direct-decay properties of giant resonances

M.H. Urin *®

 Kernfysisch Versneller Instituut, University of Groningen, 9747 AA Groningen, The Netherlands
b Moscow Engineering Physics Institute (State University), 115409 Moscow, Russia

Received 22 November 2007; received in revised form 3 July 2008 accepted 4 July 2008
Available online 23 July 2008

Abstract

A semi-microscopic approach, based on the continuum-RPA method and a phenomenological treatment
of the spreading effect, is outlined and applied to describe direct-decay properties of a few isovector giant
resonances. The ability of the approach to describe giant-resonance gross properties is also checked.
© 2008 Elsevier B.V. All rights reserved.
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0 MNONYMHUKPOCKONUYECKOM ONMUCAHUH NMPOCTEHLLIUX
POTOSAIEPHBIX PEAKLUMHU C BO3BY)KAEHUEM 'MTAHTCKOTIO
AWUNOJIbHOIO PE3OHAHCA

© 2006 r. M. JL lopeank, M. T. ¥puu"

Mockosckuil unscenepro-puaudeckuil uncrmumym (2ocydapcemaernsid yuusepcumem), Poccua
Moctynuna s penakunio 10.12.2004 r; nocae nopatorku 01.09.2005 .

B pamkax nonyMHKpOCKOTHYECKOrO NOAXO0/d, OCHOBAHHOTO HA MPHOMHMEHHH CAYUARHOA (ashl ¢ TONHBIM
YueToM_OHOHACTHYHOMO KOHTHHYYMa, @ Take Ha (heHOMEHOJOTHYECKOM OTMHCAHHH (parMeHTauMoHHoro
3¢|¢Ielﬁa. NpeLNoKeHa KONHYECTBEHHAR HHTEPNPETALIHA OCHOBHBIX CBONHCTB TMIAHTCKOTO AMMOJLHOMO
pesoHaHca. Belukcnennsle ang pana MardueckHx M NONYMATHUECKHX Aflep ceveHHs (OTONOTAOLLEHHA H
NapUHANBHBIX “NIPAMBIX + NOAYNPAMEIX” GOTOHEATPOHHEIX PEaKLHA B OKPECTHOCTH YKA3AHHOTO PE30HAHCa
CPABHHBAKTCA C COOTBETCTBYHOWHMH 3KCTIEPHMEHTANBHEIMH LAHHBIMH.

PACS: 24.30.Cz, 25.20.-x, 21.60.Jz



YK 539.142

METO/ XPOHOJIOM'MYECKOIO
PACLEEMJIEHUA OUATPAMM
N EMO NPUMEHEHME K ONMUCAHUIO
MIAHTCKUX PESOHAHCOB
B MAITMHECKUX ALPAX

C.I1. Kamepoxues, ' A.Tepmubiunpiii

MoCcynapCTEeHHbIR Hay4HbIA LeHTp PO «DU3NKO-3HePreTU4eCKMin MHCTUTYT», OBHUHCK

B.HU.llensaes

Hay4Ho-uccnefqosaTensCkmuin MHCTATYT DU3UKA
CankT-MNeTepbyprckoro rocyaapcTBeHHOro yHueepcutera, Cankr-MNevepBypr

H30xeH MHKPOCKOINHYECKHI MOAXO K aHANTH3Y BO3OYXKIEHHBIX COCTOSHHIA MarHyecKux
S11€p, OCHOBAHHLIH Ha FIOC/ENOBATE/ILHOM HMCMNONb3OBAHHH METOdAa KBAHTOBBIX (DYHKLIMIA
['puna. B npuMeHEHMH K TEOPHUH IMTAHTCKMX MYIBTHNOMbHBEIX PE3OHAHCOB B NOAXOME ABHO
Y4YTCHBI TPH [JIaBHBIX MEXaHH3IMa (POPMHPOBAHHMA PE30OHAHCA B KOHEYHOM SApE: pacnai Mo
YaCTHYHO-ABIPOYHBIM  KOH(HIypaUMsM AHMCKPETHOrO CIEKTPa, YaCTHYHO-IbIPOYHBIM
KOH(HUIYPALHAM € 4acTHUEH B KOHTHHYyME M 1o Gosiee CIIOXKHBIM KOH(HIYpaUMaM Tma
«4acTila — abipxa @ oHoH». OOcyxIaoTea pesyibTaThl YUCIEHHOH pealn3aliiy MoaXo-
Ja 119 ONHCAHHWA THraHTCKHX PE30HAHCOB B MaruyecKkMx cTabWnbHBIX M HeCTaOWIbHBIX
aapax.
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KoHdourypaumoHHoe
pacwenneHue N'AP

KoMnoHeHTbl A (crninowHble nuHmn) n b (nyHKTUp)
aKCnepuMeHTarnbHbIX CeY4EHUN POTOMOrNOLLEHNS
anep 23Na, Mg, 2’Al n 2Si. Ctpenkamu ykasaHsbl

LEeHTPbIl TAXECTN KOMMNOHEHT.
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1°Nd 6,0 0,15
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Hy>XHO Nn npoaonxaTtb
n3yyatb poToagepHble peakumm
B obnactu aHeprun < 100 MaB?



[Mlpobnema napuuanbHbIX
cevyeHun poTosaaepHbIX peakuumn

Pa3nunyne B AaHHbLIX 3KCNEPUMEHTOB
Ha Ny4YykaxX TOPMO3HbIX POTOHOB U B
OAHHbLIX 9KCMEPUMEHTOB Ha Ny4YyKax
KBA3MMOHOXPOMAaTUYECKNX POTOHOB

Cakna u JlnBepmop
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4ndo/d 2, M6H/cp

M.H. Urin
«Direct-decay properties of giant resonances»
Nuclear Physics A 811 (2008) 107-126

o, MaB
Pe3ynbTaThl pacyeToB anddepeHumanbHbix (nog yrinom 90°) ceveHnn DSD-peakuunm
208Ph(y,n) c 3aceneHnem ogHOAbIPOYHbIX COCTOSAHUIM sapa-NpoayKTa



40 50 60 E,MeV

IIITII'II|]||||[||I[lll'lll[ll'lllllllll'l]

o(y,n)

a, mb

POTOHEUTPOHHbIE
peakuun pasfinyHou
MHO>XXeCTBEHHOCTH
Ha n3otone 181Ta

300 -

200

100

150 0(7/9 2n)

100

IIII[IT]I]]]IIII[]

a_._.JIIJII_LI._I.J._J_.lJJJJJIIIII|IIJ|JII|III||

20 : 0-(7/, 3n)

0 bl gl ‘|IJIIIIIIIJIf"lll1f|f---;.l.l-r-:-r-u':.--.- """ =

0'(7/, 4n)

o(7,5m)

IIEIIIIlIIIlllIJilIIIlIlIltl

o(y,6n) SR

| I T N [ N N IIIIIIIlkI 111
10 20 30 40 50 60 EMeV




[aMmMa-akTuBauMoHHas metToauKa
MHOXEeCTBEHHbIX peaKuuu
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O6pa3soBaHve 1 pacnag pagnoaktuHoro nsortona '97Hg B peakuun 98Hg(y,n)97Hg
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TpaekTopusa s-npouecca nsoronos A=72-89
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OCHOBHbI€ UCTOYHUKU Y-KBAHTOB
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Yncno boToHOB B eAnHULLEE 0ObeMa
crekTpa paBHOBECHOIO U3My4YeHus.

E}dJ/dE, xaB-em-¢-cp™!

HEAO-A2, A4 (LED)
3\ HEAO-A4 (MED)

APOLLO

E,, xaB

107!

10™

LLnpokunn cnektp andpdy3HOro BHeranakTm4yeckoro
N3Ny4YeHnst OT PEHTreHOBCKOro 40 ramma-ananasoHa no
OaHHbIM PasfnnYHbIX 3KCnepuMeHToB. KpmBble NMHUK
NpeacTaBnsaloT TEOPETUYECKME OLEHKN BKNAOB:

1 - cendpepToBLIX ranakTuk 1-ro Tmna; 2 - H-ro Tuna;
3 - KBa3apos; 4 - cBepxHOBbIX 1-ro TMNa; 5 — 6nasapos
Anda CTEeNeHHOro crekTpa ¢ rnokasartenem -1,7 npu
SHeprusx Hmwxke 4 MaB un -2,15 npn 6onee BbICOKUX
3Heprusx. YTosnuweHHasa cnioLwHas nuHns
COOTBETCTBYET CYMME BCEX BKNaAoB.



N3yyeHue nurMmmn-pe3oHaHca

« HoBO€E KOMNEKTUBHOE ABUXEHNE

* HoBble cBouCTBa A4ep, yAaneHHbIX OT
Nosiocbl B-CTabUIMBHOCTH

« CTpyKTypa OCHOBHbIX COCTOSIHUI SiAEep




Moscow State University, Nuclear Physics Institute, Moscow,
Russia

Bremsstrahlung, microtron

2 | Joint Institute for Nuclear Research, Dubna, Russia Bremsstrahlung, microtron
3 | Uzhgorod State University, Ukraine Bremsstrahlung, betatron
4 | Kharkovskii Fiziko-Tekhnicheskii Institute, Kharkov, Ukraine Bremsstrahlung, linear accelerator
5 | University of North Carolina, Chapel Hill, NC, USA Laser Compton Scattering (LCS)
y-rays
6 | Triangle Universities Nuclear Lab., USA Laser Compton Scattering (LCS)
y-rays
7 | Tohoku University, Sendai, Japan Tagged bremsstrahlung, Storage
Ring
8 | National Institute of Advanced Industrial Science and Technology | Laser Compton Scattering (LCS)
(AIST), Tsukuba, TERAS, Japan y-rays
9 | Forschungszentrum Dresden-Rossendorf (FZD), Dresden, Bremsstrahlung, linear accelerator
Germany
10 | University of Mainz, Germany Tagged bremsstrahlung, microtron
11 | Kyoto University, Kyoto, Japan Bremsstrahlung, linear accelerator
12 | Universite Joseph Fourier, Grenoble, ESRF, France GRAAL,Storage Ring
13 | Tech. Universitaet, Darmstadt, S-DALINAC, Germany Bremsstrahlung, linear accelerator
14 | Forschungszentrum Dresden-Rossendorf (FZD), Dresden, ELBE, | Bremsstrahlung, linear accelerator
Germany
15 | Lund University + Tech. University, Sweden Tagged bremsstrahlung, microtron
16 | Pohang University of Science and Technology, Pohang, Korea Bremsstrahlung, linear accelerator
17 | Bhabha Atomic Res. Centre, Trombay, India Bremsstrahlung, linear accelerator
18 | Mangalore University, Mangalagangotri, Konaje, India Bremsstrahlung, microtron
19 | Australian Radiat. Protect. & Nucl. Safe. Agency, Melbourne, Bremsstrahlung, linear accelerator

Australia
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