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In heavy nuclei the increase of the level densiity @xcitation energy usually
results in not fully resolved spectra: the expentakresolution exceeds the average
level distance and more and more spectral lingesmmances escape a proper detection.
In most cases it is justified to use results olgdifor Gaussian ensembles by random
matrix theory to derive correction procedures fa missing information. Distributions
of neutron, radiation and fission widths observedeutron capture experiments were
analyzed by Porter and Thomas in terms of chi-sgusstributions already 50 years
ago. Since then the specific feature of such distions — the co-occurrence of single
strong peaks together with copious very weak lindsave been observed in many other
nuclear processes and occasionally the missingdegahis feature has resulted in an
improper interpretation of respective data.

It seems worthwhile to apply improved analysis rodthto examine current
high resolution data with respect to their statadtproperties. This will eventually allow
a better insight in gross structures of importafme predictions of reaction cross
sections outside of regions investigated experiaignt like those reached with fast
neutrons. Porter Thomas play an important roleonbt in nuclear physics, they appear
when the typical range of configuration mixing exde the average level distance. In

data with high experimental resolution the resgl&ffects can be surprisingly large.

New data — after a proper investigation of theirdification by Porter-Thomas
effects — show discontinuities in the energy depend of level distances, which should
be further investigated experimentally as suchatisnuities may be of importance for
the proper understanding of many nuclear data. \gégn a continuous increase of the

level distance with excitation energy is takendgaanted.



1. Gaussian ensembles and Porter-Thomas fluctuations

Nuclei at high excitation energy Ex show (in caliee and single-particle dof)
1. Increasing level density— decreasing average level distahte
2. Increasing average level width= — decreasing life times

: : Ex
: : —
— 3 regimes: : :
spectroscopic, Porter-Thomas, Ericsonf luctuations,
chaotic spectra overlapping resonances,
discrete levels guasi-continuum  continuu  m

experimental resolution ¢ = a,nsplays important role for observations:
I'«e<D I'<D<go D<o<I

Configuration mixing matrix elementd determine the purity of nuclear wave
functions, they mix strongly for £M



Statistical (random matrix) theory of quantum dots
Y. Alhassid, Rev. Mod. Phys. 72 (2000)
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Neutron-resonance-width statistics in Coulomb-blockade peak statistics in
the compound nucleus closed quantum dots

(a) neutron resonances in the total cross sectior282Th as a
function of the incoming neutron energy (BNBG1)

(b) normalized neutron resonance widths in 233TthesPorter-Thomas distribution
predicted by Random Matrix Theory.

(c) Coulomb-blockade peaks observed in the conduetaf closed
GaAs/AlGaAs dots as a function of gate voltage

(d) distribution of the normalized conductance pkeights

The solid line is the prediction based on RMT aodtains no free parameters.
Notice the agreement overadh3 orders of magnitude.



Porter-Thomas distribution of widths results from
Gaussian centered at O for the matrix elements
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Strong PT-fluctuations — often together with real high energy
have been observed in: structures
nuclear reactions into like:
continuum region giant resonances (GDR,..)
B -delayed particle-emission isobaric analog states
e-scattering in the GDR-regime Gamov -Teller resonances
n-absorption excitation functions high spin yrast levels
n-capture gamma-ray spectra ‘pygmy’ structures

y-scattering in GDR tail (nrf)

BesidesPorter- Thomas fluctuations characteristic fof« D= o,

Ericsson fluctuationsgovern emission spectra, if O« c.

They are typical for nuclear reaction spectra feove particle thresholds.

In heavy nuclei D & only occurs at > §+ 5-10 MeV i.e. in and above GDR.

Near particle thresholds the
line widthI" can be smaller than or equal to the experimeasallutionc.



2. Statistical analysis of p-, n- and e-datditerature survey)

P. G. Hansen, Ann. Rev. Nucl. Part. Sci. 29 (1%80)

Exotic nuclei studies in on-line mass separatorg-tglayed particle emission
and fluctuation analysis of spectra
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Figure 16 The measured proton energy spectrum of 16-s *Cd and a smoothed spectrum
obtained with a folding function of second order. The inset shows the autocorrelation
function (1) for a spectrum formed as the quotient of the two spectra. The solid curve
shows a theoretical fit to the autocorrelation function, from which a level density parameter
a = 8.5 was obtained (Elraroth et al 1978).
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The fluctuation analysis e is

. reported to be in accordance to

neutron resonance data o and the
semiempirical formula of

10 Ag Truran,Cameron & Hilf
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P.G. Hansen, B. Jonson and A. Richter NPA 518(90)13
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The energy spectrum of beta-delayed neutrons from 135Sb from
experiment (a) and from a Monte Carlo simulation of the fictional
nucleus 135Pn (b). The simulation used slowly varying strength
functions corresponding to the parameters of the real decay. Thus the
appreciable fine structure in (b) is essentially a result of Porter—-Thomas
fluctuations. (From J.C. Hardy, B. Jonson and P.G. Hansen, Nucl. Phys. A305 (1978) 15)

Porter-Thomas distribution and fluctuations

In the case of strong mixing of nuclear configuras
reaction cross sections and gamma widths follow
a Porter-Thomas distribution.

It is characterized by ample low intensitly compuaise
and surprisingly strong outliers, simulating strdings.

Large intensity fluctuationsccur, if D « G,
i.e. average level distance is much smaller thgpemental resolution.

In respective experiments the observed intensgylte from the
folding of the underlying strength and the levehsigy.

To untangle this, Porter Thomas fluctuations haveet accounted for properly.



G. Kilgus et al., Z.Ph. A. 326, 4150 (1987)
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3. Porter Thomas fluctuationsin n-capture and theory

Determination of missing strength in weak levelbetter done after
plotting on log-scale for normalized width
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Resonance n-capturdy *°Sm:

Traditional Porter-Thomas plot does not show a peak
the derived number of d.o.f. is difficult taenpret.

F. Becvar et al., NPA236 (1974) 173 & NPA236 (19743

Cumulative distribution of the intensities of thartsitions from nine resonances with
J = 3 and seven with™E 4 to 13 final levels with™= 3" or 4 below 2196 keV
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A. Borella et al. PRC 76, 014605 (200sonance n-captureon®°®Pb at Gelina
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Porter-Thomas fluctuations 8hell model calculationdor A=60:

A. Hamoudi, R. Nazmitdinov, E. Shahaliev, and Yh&dsid, PRC 65 (02) 064311
4290 e.m.matrix elements calculated using the shetlel program OXBASH.

A=60
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B(E2) (left panels) and B(M1) (right panels) intéypslistributions (histograms)
for the 2+, T = 1> 2+, T = 1 transitions in A = 60 nuclei:

(a,b) Tz=1; (c,d) Tz=0. The solid lines ddse the Porter-Thomas distribution
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The autocorrelation function

<c(E+e)-c(E)>/<c(E)>? ¢

depends in a complex way on |
various parameters |

D =10 keV

[ D =10 keV
[y>100

. spectral line width
: mean level distance
. reference width / o

keV | L
N autocorrelation increment

For the 'quasi-continuum' T <D= ¢

the autocorrelatiog(g) of the spectral strength is given by:
with I" : resonance width
D : mean level distance
6 : experimental resolution
a : normalized variance

This equatiorfor C(g) allows to determine the level distance D and
from experimental data.

normalized to a Gaussian averagéegy of widthc. =y-oc» ¢
and their autocovariances{l with c(e) = <d(E) - d(E +)>

Determination of a by Monte-Carlo simulation
of N spectra with resolutios (y=o)containing L levels at average distance>[2(0)

This MC combines 3 level distance distributiongwatintensity distributions.
For combinations witlPorter-Thomas one gets: 2.0x< 2.5.

L, D 360,6 360,6 430,5 530,4 700,3 430,5
o, N 32,10 32,100 24, 100 20, 10015, 100 2, 100
____________ a - e e e o e e o e o = o=

WignerPT 196 204 198 208 203 219
xGauss 0.97 1.00 1.02 1.07 103 1.14
xrand. 042 045 044 046 045 0.54
Poisson®T 228 224 218 224 224 250
xGauss 122 122 121 124 127 142
xrand. 062 0.64 063 064 066 0.82
randomPT 243 223 224 225 227 250
xGauss 1.28 1.19 121 124 124 1.43
xrand. 064 0.64 064 068 0.67 0.83



4. Discontinuous level density iff®Sr (below S) — ELBE data

a) autocorrelation analysis
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8Sr(y,y), bremsstrahlung with & 13.2 MeV
Gaussian smoothed with 20 keV
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3r(y,y); the autocorrelation function <c(Eyc(E)>/<c(E)>2 is shown in log and lin
for 4 regions of photon spectrugm= .5 MeV,5 £ .5 MeV, 8 £ .5 MeV, 11 + .5 MeV
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From c(0) — 1 one can extract <D> p & 21" (c(0)-1) ¢ -a " ;

the variation of &) with ¢ allows a check of the experimental resoluon
The data show that D(6 MeV) > D(5 MeV) indicating@n-continuous rise @i(E).

As a test, the results of a ‘traditional’ analysighe®®Sr(y,y)-spectrum shown above are
investigated below with respect to the possibleafof Porter-Thomas fluctuations.



b) Results from the Porter-Thomas analysis
of the list of levels resulting from a conventioaalalysis.

Also in this analysis, D does not fall continuousiyh E.

88Sr(y,y), Porter-Thomas distributions in comparison to data

bremsstrahlung with E,= 13.7 MeV, width distributions for different E,, total yield determined from spectra .
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The lower graph shows for the data gt&7+0.5 MeV
that a small value for D cannot be compensateddiing that more or less intensity
Is in the analyzed peaks as compared to the qoasihaum below theni > or < 2.5).



c) Comparison of the two methods
In this graph, the results of the two types of gsialare compared:

open squares are from the autocorrelation analysis,
full dots stem from the Porter-Thomas analysideflist of levels.

1 -level density in 88Sr, from bremsstrahlung-nrf with E.=13.2 MeV
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The data are in accord to a stepwise increasesdéttel density,
but not to a continuous rise.

Concerning the absolute scale, a reasonable agnéésrfeund to resonance capture
data for the low spin states in the odd neigh33sr, populated if®Sr+n.

Because of its ground state spin n-captuf€Sn leads to high spin levels
and their density cannot directly be compared éolthlevels in®Sr.

Non-continuous level densities caused by shelceffe
are under theoretical investigation.

Experimental hints exist for lower excitation ernesg



