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FLUCTUATIONS OF NUCLEAR CROSS SECTIONS IN THE "CONTINUUM" REGION t
Torleif Ericson'
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Berkeley, California

The assumption that the matriu elements of the compound nucleus are
rendomly distributed with respect to phase and magnitude has in recent years
been very successful for the underetanding:of the fluctuations of the partial
uidths and the distribution of the level spacings of slow-neutron resonances.vl_3

The purpose of this note is to examine the nontrivial consequences of
this assumption in the so-called "continuum" fegion, in which the compound

states pverlap owing to the short lifetime-of the eompOund nucleus. It is
‘shown that (1) cross sections fluctuate in that reglon even though a large
number of intermediate states are excited, (2) the formétion and decay of the
compound nucleus are ihdependent only‘on the aVerage and, (3) the fluctuations
can be used tO'determiue the lifetime of the compound nucleus .in thev"continuum"
region;

Consider the compound-nucleus reaction proceeding froﬁ‘the initial
state ‘la) -~ i.e., the target nucleus and the incident wave-- to the final stppé
[at) ,Etparficular state of.the fiual nucleus and the correspeuding emitteq
wave. We assume the experiment to be performed with infinitely good energy
resolution in the incident beam. The scattering matrix S, can be divided
into two parts, one, Sa’ leading into the compound nucleus, and one, Sa,,

leading out of the comﬁound nucleus. The intermediate compound states [%;}

* : .
This work was done under the auspices of the U. 5. Atomic Energy Commission.

TSubmitted to the Physical Review Letters.

*Present address: CERN, Geneva, Sw1tzerland, on-leave from the Institute of
Theoretical Phy31cs, Lund Sweden.
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wOf energy Ei-are' excited with probability amplitudes f(E,El) which are
.approximately of the Lorentzian type
. o

= (5,)% + PP/ | (1)

2(5,E,) |

The ”width”f is related o “the lxife.timént;df :'.‘che;-‘*cbmpound;‘.‘ nucleus: by r=/ff/3

by the- uncertalntyv prlnc'iple Equation (l) e@resses ‘that the compound stdtes
within a region of the order of Fare excited s1multaneously and must be treated
coherently; we therefore call r the coherence energy. The reaction cross sec-

tion o__, can be written
(0/01

Z<a's|) EE)<|s ,a>‘, | (2);

The matrlx elements <a,S I) and< ‘S ,1

have random phases. If the coherence energy rencompasses a large number of

a> » and consequently their product,

intermediate states |1>€ the sum in Eq. (2) con51sts of & large number of
terms of random phases and becomes a random number, the_ real and imaginary .
part of which have Gaussian distrlbutions. Therefore, 1f transitions.to dif-
ferent finalstates are compared under otherwise identical conditions, ,the
transition-matrix elements are 1ndependently random, benause the factors
<1jsa, ioa > are uncorrelated and have uncorrelated phases The partlal
cross sections oad' therefore fluctuate essentlally like neutron widths in
spite of the large number of.com'pound ‘states. exm_ted

| Furthermore, 1ntermed1ate states |1> are ex01ted essentlally only within
the coherence energyr If the 1nc:Ldent energy is changed by an amount much .
larger than,[-.l , the intermediate states are entirely different . .,...{I‘h'élifma-.tr'ix"_'.j:_;;'fi.
element , thus..the ."ci‘r.oss:v\s:e:ction;r?. isddifferent. f.r-ofn_ ik Pprevioud. valie; An. gen-c
.eral.. On the other hand, if the energy ch_angé is small COmpared with r:

essentially the same states are excited; the matrix element and cross section



k- UCRL-931h

are practically unchanged. _Theréfciafé”x;v-e_r cén;:i;zde that a fartial reaction cross
section will fluctuate as a functioﬁ of incident energy with a typical period
of the order of the coherence energy[~ Because.rqls dlrectly related to the
compound nueleus lifetime, these fluctuatlons, in pr1nc1ple prov1de a means
for measuring the extremely short.lifetimes of highly exéifed nuclei. |

“Wepaifit out that the usual statement of‘independénce of formaﬁion and
decay of the compound nucleus is not valid in this type of experiment: the
flucﬁuaiioné'dé not occur.at the same excitation energj, if the same compound
nucléus‘is formed.by different means. In the.”continuum" region:this indepen-
energy interval much larger than the coherence.energy.

| A more exact discussion shouid include angular momentum. The maih
results remain unchanged. For the partial total cross sections, states of
opposite parity contribute independently, slightly reducing the amplitude of
the fluctuations. The partial angular distribution and polarization fluctuate
as funct;@hs of the incident energy over eﬁergy regions of the order of [‘

The total reaction cross section is usually a sum of a.large nuﬁber of

fluctuating partial cross sections; o] and it will therefore usually have

'
fluctuatidns of small amplitude only. When only few exit chénnels ére avail-
able, the fluctuations are appreciabie and. occur also in the total cross sec-
tion. Fluctuations in the total cross section have been observed by Cranberg
with high-resolution neutrons on Ti, and Fe. At 2.5-Mev incidept;neutron
energy and 2-kev resolution the total cross section exhibits a fine structure,
which, for Fe, has a half—width of 5 kev, corresponding to an approximate
lifetime of lO-'18 sec. The expected spacing of.levels of spin 1/2 is indicated

to be of the order of a few kev by slow-neutron resohahces; the spacings of all

excilted states are considerably smaller.



UCRL-931k

vRE.FERENCES
C. E. Porter and R. G. Tﬁomas,,Phys. Rev. 104, 483.
E. P.. Wigner, in.varoc_e.e‘din‘gs of the C_.onferénce on Ne'utroan.hysi_cs by ;I‘igg‘of:; )
- .L_='Eljghtv,‘ datlinburg, 1956, ORNL-v-2_309.‘
L. Laﬁdau and Y. Smorodinsky, Lectures on the’ Theory of the Atomic Nucieus- s
Moscow, 1956. | -
Df. L.- Cranberg (pfivate comuhication).-- See also L. Cranbex:é et al., in
Proqéediﬁgs of the Confgrer_lce on Neutron Physics by Time of‘Fliglr.lt, Gatlin-

burg., 1956, ORNL-2309, p. 148.

T



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






