
/

'&£&>;.
• H

GHENT STATE UNIVERSITY

NÜttËAR PHYiSlCS lABORATOflY

LABORATORIUM VOOR KERNFYSfCA

ANNUAL !#•#



GHENT STATE UNIVERSITY

NUCLEAR PHYSICS LABORATORY

LABORATORIUM VOOR KERNFYSICA

ANNUAL REPORT 19S&



INTRODUCTION

In 1980 our programmes in photofission, photonuclear reactions,

positron annihilation studies, dosimetry and nuclear theory were

actively persued, in many instances in collaboration with other

institutes.

The present annual report brief ly suinraarizes the proc-ress made

in 1980. More detailed information may be obtained by contacting

our laboratory: Nuclear Physics Laboratory, Proeftuinstraat 86,

B-9OOO GENT (Belgium).

The reported research was only possible with the substantial

help of the IIKW (Interuniversity Institute for Nuclear Sciences,

Brussels). We thank this Institute and its "Committee for low

energy nuclear physics" for this support.

Prof. Dr. fl.J.Deruytter

Director
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1. ACCELERATOR AND DATA HANDLING FACILITIES

1.1. Operation of the_90 MeV linear accelerator

(W.Mondelaers)

During 1980, the linear electron accelerator continued to be highly

reliable. A total of 3070 hours beam-time has been realised, without impor-

tant disturbances. Due to the restricted number of operators, an exploitation

of more than 3000 hours is hardly possible. The following weekly schedule

is maintained : maintenance, revision and installment of apparatus for the

whole machine is performed on Monday ; the rest of the week is available for

machine operation. Figure 1.1. represents a monthly log of the beam hours,

while in table 1.1. a distribution of the total number of scheduled hours is

shown.

LINAC OPERATION DURING

BEAM HOURS 1980
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300 h —

MOh —

100h

Q. 1.1

£ Jtinac

-time duJtuiQ 19SO.

J F M A M J J A S O N D MONTH



Table 1.1. : Distribution of the total number of scheduled hours

Photofission

Photonuclear reactions

Magnetism

: with

: with

e

e

54,8 %

38,0 %

5,7 %.

1,5 %

Major problems arose with vacuum leaks in the deflection system due to

radiation damage to the energy-defining slits, colliroators,viewing ports

and output windows. Also electronic circuits and wiring around the accelera-

tor suffered from radiation damage.

Corrosion of the major heat exchanger resulted temporary in the blocking

of some cooling tubes.

Two main thyratrons (CX 1175) were replaced after about 3OOO hours.

One klystron (TV 2015) has accumulated approximately 69OO hours with high

voltage applied and shows no sign of aging yet. After 14980 hours of opera-

tion the cathode of the electron-gun had to be replaced.

A newly installed Faraday cup, designed to stop entirely a 2 kW elec-

tron beam operates very satisfactory and provides the possibility to measure

accurately the accelerated electron and positron current.

Finally a newly installed radiation monitoring system has appreciably enhanced

the radiation safety in and around the accelerator building.

1.2._Progosal of a 13 MeV linear electron_accelerator

(W.Mondelaers)

A proposal for a low-energy, high duty factor linear electron accele-

rator with the following characteristics has been submitted (Table 1.2).

The proposal has been put forward in such a way that the most complex

parts of this accelerator should be built by industry, while construction of other

parts and assembly of the whole machine can be done in our own workshop.

Extended studies are under way, covering the essential parts of the

project : the accelerator, the deflecting systems, the cooling and the recon-

struction of the existing accelerator hall.



Table 1.2.

Energy

Intensity

Pulse repetition rate

Pulse length

Duty factor

Energy spread

Beam power

variable between 2 and 13 MeV

max 1mA average, 5OmA peak.

2000 pps

1O ysec

2 %

AE/E < 1 % for So % of I
max

13 kW

Figure 1.2 shows an outline of 2 possible solutions under study :

G : standard electron gun of 40 kV

Si: short section providing energies between 2 and 4 MeV

DM: beam bending magnets

S2: second section providing an energy gain of 1 to 1O MeV

MOD:hard-tube modulator

ATT:high power attenuator

PS: high power phase shifter

S3: one section providing energies between 2 and 13 MeV

Ug. 1.2

The. 2 po&ixlbte. c.onfilgafuxti.onA

&0A. a low znzigy, high duty

LLmaA zlzcüion acce.-
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1.3.1. VAX 11/78O system

(A. De Clercq)

The system has been expanded with 2 DZ11 8-channel multiplexers

and 512 KByte memory , bringing the total memory to 1 MByte.

Two 8O8O microprocessor-based measuring systems were built, control-

led by the VAX. The first system is available for photonuclear experiments,

and allows data taking of 16 detectors into 16 X 512 channels, with a maxi-

mum countrate of 10 000 c/sec. The second system allows data taking in 8192

or 4096 X 2 channels with countrates up to 50 OOO c/sec.

Every system is monitored by a permanent process in the VAX (DETACH PROCESS).

Data manipulation is possible by loading an interactive program that is logi-

cally connected with the detach process by means of a pair of mailboxes. In

the second system the various parameters to control the experiment reside in

a ''permanent global section", which acts as a part of the virtual memory for

both detach and interactive processes. When these memory parts are paged out

of memory, they are written back into a private section file, remaining even

when both processes are stopped.

The system is programmable, and can register up to 6o time-dependent spectra,

with minimum 30 s between the start time of each measurement. Because this

program resides mainly in the microprocessor system itself and in the permanent

global section, it is possible to restart automatically the measuring system,

after a VAX software crash.

Both systems are connected to the VAX through a 9600 baud RS232 serial line.

To overcome the relative long transmission time per spectrum (20-40 s), a

DMA parallel interface (DRUB) has been installed. This interface will be

connected to a 8085 microprocessor and a high baud rate USART.

A set of programs has been developed for the transmission of data

between the VAX and the various PDP11 - RTll-based systems over RS232 lines.

After starting the PDP11 program, data can be interchanged by giving pseudo-

DEC NET commands to the VAX.

1.3.2. PDP11

A software controlled peak stabilisation has been developed for the

PDP11/1O-CAMAC system. It consists of a 10 bit software controlled DAC which

controls the conversion rate of the ADC.
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2. FISSION, SPECTROSCOPY OF FISSION PRODUCTS, AND THERMAL NEUTRON INDUCED

REACTIONS

(E.Jacobs, D.De Frenne, A.De Clercq, H.Thierens, P.D'hondt, P.De Gelder,

B.Proot, C.Wagemans and E.Allaert)

The photofission of Pu with bremsstrahlung with endpoint energies

of 12, 15, 20 and 30 MeV was studied together with the spontaneous fission of
240 239

Pu and the thermal neutron induced fission of Pu. The cross section for
24n

the reaction Pu(y,F) was measured for photon energies between 10 and 30 MeV.
In view of the study of the charge and isotope distributions for the

235 2 38

photofission of U and U with 12, 15, 2o and 3O MeV bremsstrahlung a num-

ber of measurements has been started.

Gammaspectrometry on irradiated uranium ( U and U) foils was performed

together with chemical separation of Nb and Tc isotopes. Also isomerio ratios

and average initial fragment spins will be deduced from these experiments. The

isomeric yield ratio of I to I was studied for the photofission of

U and U with 12, 15, 20 and 30 MeV bremsstrahlung. The study of short-

lived (milli- and microsec) isomers in fission products is continued.

As a member of a French-Belgian group, an evaluation and compilation

of nuclear structure and decay data for mass 102 was undertaken.

The excited states of Tc were further studied by the Mo( He,p)
104

reaction on an improved target, and by the Ru(d,a) reaction at the IPN-
Orsay. In collaboration with research groups of Mainz and Munich an attempt

w
6
was made to study the distribution of Gamow-Teller strengths, using the (Li,

He) reaction.

The experiments at the high flux reactor of the Institute Laue-Lan-

gevin (Grenoble) were continued. Besides the thermal neutron induced ternary
233 237 239

fission of U, Np and Pu, also the energy and mass-distributions of

the Th, U, Np and Pu(n ,f) fragments were studied. An upper limit
230

for the Th(n ,f) reaction cross-section was determined. Finally the
153 233 235 238

50V(n h,p) and the Gd, U, U and u ( n
t n'

a ) r e a o t i o n s w e r e studied.

240
2.1. Fission of the compound nucleus Pu

240
Energy correlation measurements were performed for Pu s.f.,

239 24O
Pu(n h,f) and the photofission of Pu with 12, 15, 2o and 3O MeV brems-
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24o
stralhung. The photofission cross section for Pu was determined up to 30 MeV,

which permitted the calculation of the average excitation energy <E (E )>
€3CC 6

of the compound nucleus, irradiated with bremsstrahlung with an endpoint energy

E .

The photofission cross section shows the typical giant resonance structure, with

a maximum value of 34O mb at 14.5 MeV and a full width at half maximum cf
240

7.3 MeV. From our results a value T /Yc - 0.6 is estimated for Pu.
n r

Some important quantities of the overall kinetic energy and mass dis-

tributions are summarized in table 2.1, The average value of the measured post-

and pre-neutron total kinetic energy of the fragments and its standard deviation

are indicated by <E, >, <E, > and Op . The number of measured fission events is

indicated by NEV. In addition, the average mass of the light- and heavy-fragment

peaks of the overall provisional and pre-neutron mass distributions are given

in this table. They are denoted by <U, > and <\i> and <m>, the corresponding
Lt H ±3

standard deviations by O(yT) and a(y„). The uncertainties on the values given
Li n

in the table are the root mean square deviations for at least seven experimen-

tal runs. The values for the peak-to-valley ratios of the provisional mass

distributions P/V together with their statistical uncertainties are also given

in the table.

One can remark that the average total kinetic energy of the frag-

ments, <E*>, for 24OPu s.f. was found to be 1.2 ;f O.5 MeV higher than for
239 24O

Pu(n.. ,f). In the photofission of Pu a decrease of <E > with <E {E )>,
tri IC 6XC G

d<Ek>
= - O.37 + O.O8, is observed

d<E (E
exc e

Fragment shell effects are present in the kinetic energy and mass distributions
240

for Pu s.f. as can be seen in fig.2.1., which shows the total kinetic
240 239

energy distribution of the fragments for Pu s.f. and Pu(n . ,f).
Changes in the measured distributions with increasing excitation

240energy of the compount nucleus Pu are also studied. In fig.2.2. the variation

of the pre-neutron fragment kinetic energy as a function of the pre-neutron
24O

mass with the average excitation energy of the compound nucleus Pu,

d<E*>(m*)
, is shown.d<E (E

exc e

L



2.1.. Parameters of the overall kinetic energy and mass distributions for Pu s.f., Pu(n ,_,f) and the
tn

240
photofission of Pu

NEV

< E K

< E K *

\
K

\ "

< l*
< mK*

P/V

E - (

> (MeV)

> (MeV)

(MeV)

> (u)

> (u)

0 (U)

>(ü)
>(u)

MeV)

240
Pu s

7262

177.25

178.85

11.99

101.53

138.47

5.70

101.26

138.74

400

.f

±

*

±

±

±

±

t

±

0

•

0.

0.

0

0

0

0

0

0

30

30

20

20

20

12

.20

.20

180

101 103

175.57

177.69

11.84

100.68

139.32

6.69

100.33

139.67

100 ± 9

6.5

E •=

173.

176.

11

100

139

7

100

139

12

12

99

39

86

50

50

.16

.12

.88

27

MeV

io3

± 0.

± 0.

± 0.

± 0.

± 0.

± 0.

± 0

± 0

± 3

9.4

24

24

14

14

14

10

14

14

E =

173

175

11

100

139

7

100

139

15

51

25

8C

.94

.48

.52

.36

.08

.92

20.6

1

240

MeV

IO3

± 0.

± 0.

± 0.

± 0.

± 0.

+ 0

t 0

± 0

i 1

1.1

24

24

15

09

09

08

09

.09

.3

E = 20

355

172.

175.

12

100

139

7

100

139

46

15

22

57

43

.64

.16

.84

13.1

MeV

103

± 0.

± 0.

i 0.

± 0.

± 0.

i 0

± 0

± 0

± 0

12.6

20

20

12

08

08

06

08

08

.4

E
e =

 3 0

113

172.22

174.98

12.37

100.72

139.28

7.82

100.29

139.71

9.3

MeV

IO3

+ 0.

± 0.

± 0.

± 0.

1 0.

i 0

i 0

± 0

± 0

13.3

31

31

10

14

14

08

14

.14

.3
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£ _ _ e _ _ ^ ^ ^ ^ _ 2i_l_5i_2O and

30 MeV bremsstrahlung

238
A study of the charge distribution for the photofission of U with

20 MeV bremsstrahlung has been finished (see e.g. Annual Report 1979). In view
235 238

of the systematic study of charge distributions for ' Ü photofission at

bremsstrahlung endpoint energies of 12, 15, 20 and 30 MeV, a number of irradiations

of 0.178 nmi thick ' ü disks during 30 seconds, followed by the measurement

of 60 consecutive y-ray spectra of 4096 channels each during variable measuring

times and starting 5 seconds after the end of irradiation, were performed.

For these experiment? we needed at least 100 runs, in order to obtain an accep-

table statistical accuracy in the Y~ray peaks of interest. Due to the enormous

number and the complexity of the spectra, the analysis of these y-ray spectra

is not finished yet and will be continued during 1981.
96

To determine the independent yield of Nb for the photofission of
235 238

' U a chemical separation technique, based on the work of D.F.Morris and

D.Scargill |Anal. Chim. Acta J4, 57 (1956)| was developped. The independent

yield of 96Nb for the photofission of 3 U with 15, 2O and 30 MeV bremsstrah-

lung was determined by chemical separation of the fission products from an
238

aluminum catcher foil, while for the photofission of U at 15, 2O and 3O

MeV the separations were performed on lg irradiated uranylnitrate.

Fast chemical separations of the short-lived technetium isotopes

were also started in 1980. The aim of the experiments is to measure the indepen-

dent yields of ' ' Tc in order to investigate the Z behaviour in the

Z = 50 region (complementary mass).

These chemical separations are performed in collaboration with N.Trautmann

and N.Kaffrell (Institut fur Kernchemie - Mainz). The first results of these

experiments were hopeful. The target chambers and the gas-jet transportsystem

for the formed fission products were constructed. The expected transport effi-

ciency of 7O% for the formed products was obtained. These experiments will be

continued in 1981 and 1982. The yield will be increased (we hope by at least

a factor of 1O) by increasing the amount of uranium used, by increasing the

efficiency of the chemical separation and by using two detectors instead of one.
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2.3._Isomeric ratios and initial fragment sgins

2.3.1. Short-lived isomers (milli- and microsec) in fission products,

(collaboration with J.Uyttenhove, Lab.Nat.II RUG)

As reported in 1979 (Annual Report), two main problems had to be

solved to determine isomeric ratios for isomers with milli- or microsecond

half-lives :

- For a rotating target, as used in our experimental set-up (1.5 revolutions

per second), the efficiency of the y-ray detector is different for the

transitions from the short-lived isomeric states, than for the decay Y~rays

of longer-lived fission products in the target.

- It is not possible to obtain spectra with enough statistical accuracy for

the Y~rays °f t n e longer-lived fission products when using the same beam-

time as for the study of the y-rays of the shortlived isomeric states.

These problems are solved in the following way :

- First we irradiate with high beam intensity a part of the uraniumtarget

in rest, and subsequently record different spectra of the irradiated target.

From this spectra we calculate yields of the chosen fission products.

- Secondly , using an appropriate beam current, we record on-line the isomeric

transitions, now with the target rotating. From this spectrum we calculate

the yield of the isomeric levels under study.

Because the half-life of the isomer is short as compared to the ro-

tation time of the target, the efficiency of the y-ray detector is the same

for both experiments. The correlation between the yields of the short-lived

isomers and the longer-lived fission products is obtained from the measured

beam fluxes, the bremsstrahlungbeam being measured with a replica of the

NBS-P2 quantameter. Taking into account the charge and mass distribution we

calculate the isomeric ratio that we want to study.
238

A preliminary test for U(y,F) with 30 MeV bremsstrahlung was satisfactory ;

for the isomeric ratio of the pair (15/2, 7/2) in Sb e.g. we obtained a va-

lue of about O.3O.

2.3.2. Isomeric yield ratio for I in the photofission of U and U

The isomeric ratio of I - I in the photofission of U and
235

U as a function of the excitation energy of the compound nucleus, in the
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average excitation-energy range of 9-14 MeV, was studied. The iodine isotopes

were separated chemically 2.5 minutes after the end of 1O minute irradiations
238

with 12, 15, 20 and 3O MeV bremsstrahlung. For 0 we irradiated lg U0_(N0,)_.
235

6H,0, while for U the fission fragments were cought in aluminium catcher-
134foils. To extract the contribution of decayed Te, irradiations of 2 hours

with chemical separations after 2 hours waiting time were performed.

From y-xay spectrometry of the separated iodine isotopes the isomeric

ratios for mI - ^1 were calculated. With the aid of the computer code

MAMI average initial spins as a function of the excitation energies were
238

deduced. Fig.2.3. shows as an example our preliminary results for U photo-

fission. We observe, as can be expected, a trend for a slightly increase of
a s t h e excitation of the compound nucleus increases.

Kg. 2.3

Initial ipin vaiue. UpiiJ» deduced faomInit pin xe ( R W Q ) , edced fa
134mJ and 124dl yleM&, at> a function
the. excitation e.neAgy o$ the. compound
vudiexxA (Ec ), ^on. the. photo &<U>&ion o£
23& exC

2.4. Evaluation of mass A = lo2_data (Nuclear Data Project)

At the end of 1979 a collaboration was started with the Nuclear

Data Project (Oak Ridge & Brookhaven). As a member of the French-Belgian group

we would take the responsibility to evaluate about 1 mass chain a year out of

the mass range A = 101 - 117. These evaluations should be published as an

issue of the Nuclear Data Sheets. At the beginning of 198O we could start our

evaluation work on mass A = 102. So far, data were compiled and evaluated from

the very neutron-rich Rb to the neutron deficient Cd-isotope. The comple-

tion of our first mass chain evaluation is expected for the beginning of 1981.

In view of the uniformity of the data handling by different network

members, a lot of computer programs are made available by the Nuclear Data



12.

Project. Up to now, three of them were adapted to our VAX-system : HSICC

for the calculation of internal conversion coefficients, GTOL for the calcu-

lation of mean level energies and the branching to each level in decay studies,

and LOG FT for the extraction of the corresponding log ft values.

As a new member of the Nuclear Data network, we participated in the

"IAEA Advisory Group Meeting on Nuclear Structure and Decay Data", held in

Vienna (April 1980).

2151_Study_of the excited states_of Tc

This project, which started in 1978 with a study of the °°Mo{ He,p) ° Tc
104.

reaction, was continued by investigating the *" Ru(d,a) reaction with 2o MeV

deuterons from the Orsay MP tandem accelerator. The a-spectrum, taken at

= 15°
l a b

i s shown in fig.2.4. By using a 100 yg/cm Ru target an energy

400

300

O
O

&200

m

'04Ru (d/x)'02Tc

100

31. 1tt >

EXCITATION ENERGY (keV)

104r ,702,fig. 2.4 Alpha ipiaUuw at 8^=15° tpn. the. fteacUon '"*Ru[d,«)'UiTc
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resolution of about 20 keV FWHM could be obtained. The use of another reaction,

together with this improvement of the energy resolution as compared to the

earlier ( He,p) experiment (see Annual Report 1978) resulted in a considerable

extension of our knowledge of the excited states of Tc. As can be seen from

fig.2.4., one and maybe two, excited states were observed below 35 keV excita-

tion energy. These states should be considered as primary candidates for the

T, ._ = 4.35 min. high spin isomer in l 0 Tc. Using the 7Of72Ge(d,a)68'7OGa
1O4

reactions, which have Q-values close to the value expected for Ru(d,cO, a

precise determination of the latter could be obtained resulting in Q = 7180

+_ 10 keV. The mass excess for Tc, deduced from this value, is - 84575 +^11 keV,

in good agreement with the value predicted from systematics by Wapstra and

Bos |At. Data and Nucl. Data Tables JjJ (1977) 2151.

The Mo( He,p) reaction data were completed by measuring a protcn

spectrum at 15°, using a 1OO yg/cm Mo-target (obtained from Dr.Maier-

Komor, Munich), also resulting in a FWHM - 20 keV. The results extracted from

this spectrum were in agreement with the conclusions of our previous measure-

ments on this reaction.

2.6. Attemgt to_use the (Li, He) reaction for the study of the Gamow-

Teller distribution

In collaboration with S.G.Prussin (Berkeley), N.Kaffrell (Mainz) and

H.J.Scheerer and W.Mayer (Munich), a project was started to investigate the

usefulness of the ( Li, He) reaction for the study of the Gamow-Teller strength

distribution in nuclei with mass around A = 9O. The first measurements were

performed at the tandem accelerator in Munich, at an energy of the incident

Li particles or 48 MeV.

For the reaction Ni( Li, He) Cu, studied as a test-case, He-
58

spectra corresponding to an excitation energy of the Cu nucleus up to about

5 MeV, were measured at lab angles of 5°, 10° and 15°. Measurements of more

complete angular distributions are planned for the near future. These would

allow to extract J values for several excited states in Cu. In view of this,

DWBA-calculations were performed with the computer code DWUCK-4.

For the study of Gamow-Teller strength distributions in the mass

region A - 90, the preliminary results of our work reveal that higher energies
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of the incident particles should be used. This is also confirmed by the DWBA-

calculations which predict, for Li-energies of the order of 50 MeV, a loss

of structure in the angular distributions at high excitation energies (= 10

NeV) in the final nucleus.

2.7. Thermal neutron induced fission of actinides

The measurements described here were performed at very intense and

pure thermal neutron beams of the Laue-Langevin Institute/Grenoble.

2.7.1. Ternary fission studies

The energy distributions of the ternary alpha-particles emitted
233 237 239

during the thermal neutron induced fission of U, Np and Pu were

determined with the aid of a surface barrier AE-E telescope detector. The

low-energy part of these distributions slightly deviates from a Gaussian shape

as we already observed for U(n h,f) |Nucl. Phys. A346 (1980) 461|. We also

determined the ternary alpha emission probabilities B/LRft. Relative to B/LRft =

589 + 9 for U(nth#f) we obtained respectively B/LRA = 461 +_ 15, 493 £ 20

and 450 +_ 15 for 23'3U, 237Np and 239Pu(nfch,f).

2.7.2. Fission fragment .mass- and energy distributions

The fission fragment mass- and energy-distributions were studied
230 233 237 241

for the thermal neutron induced fission of Th, U, Np ,ind Pu.

To do so, the pulse-heights of coincident fragments were recorded with colli-

near silicon surface-barrier detectors, which were calibrated via the Schmitt-

Neiler method. In addition to this, also the time-of-flight difference between

both fission fragments was recorded which allowed the rejection of bad quality

events.

The results obtained for U were consistent with the available

data. For Th and Pu partial measurements were performed which are being
237

analysed now. The present results for Np(n^,f) are in agreement with those

obtained via the catcherfoil technique. This is illustrated in fig.2.5. which
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2.7.3. Thermal fission cross-sections

23O,
An upper limit of 0.5 mb (preliminary value) was determined for the

Th(n ,f) reaction cross section.

2.8._Study_of_(n . ,g)_and_^n , ,a)^ reactions

Also these measurements were performed at the Grenoble high-flux

reactor. For the V(n ,p) reaction, a proton peak was observed at 2.918 MeV

with a cross section of O.4O mb. From the experimental Q -value, the V-
50 P

Ti mass difference was determined to be 0.002358 +_ 0.O0OO16 amu. Preliminary

results on the Gd(n ,a) Sm reaction yielded a Q -value of 9.79 +_O.O3
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HeV, which is O.21 MeV larger than the value calculated from the tables of

Wapstra and Bos (At. Data and Nucl. Data Tables, _19, 1977) .

In the actinide region, we determined a a(n .,a) value of

1.5 +_O.5 pb for the U(n , ,a) Th reaction as well as a value of
235 233 235

235.O4751 +_ O.OOOO6 amu for the Th mass. For the U and U(n ,a) cross

sections, upper limits of respectively 0.3 and 0.1 mb were determined. A final

report on these measurements has been submitted for publication.
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3. PHOTONCJCLEAR REACTIONS

3.1. Introduction

The experimental study of photoproton energy spectra and angular

distributions in the energy region of the elsctric giant dipole resonance is
19 31 45

being continued. Results will be reported for F, P and Sc and some
89

additional information on the Y(y,p) reaction will be presented. Measurements

have started on Cu and Cu in order to investigate the effect of the 2

extra neutrons on the photoproton cross section.

The electron-to-positron conversion and acceleration facility

has been put into operation : very promising results on accelerated positron

currents have been obtained. However, this facility must be run with due cau-

tion as the shielding problem has not been adequately solved yet.

89
3.2. Further interpretation of the Y(y,|>)-results

(E.Van Camp, R.Van de Vyver, E.Kerkhove, D.Ryckbosch)

89
As was reported in previous Annual Reports the Y(y,p) reaction

was studied at bremsstrahlung endpoint energies between 15 and 25 MeV, going

up in 1 MeV steps. From .the analysis of the photoproton energy spectra, re-

corded at seven angles, conclusions were drawn about :

1. the quadrupole contribution to the (Y,p ) photoabsorption
^ 89

2. the statistical and the semi-direct part in the decay mechanism of the Y

giant dipole resonance

3. the splitting of the El resonance into two isospin components for which

the strengths could be determined.

Further analysis of the available data has led to an estimate of both the
4 f 89

spreading width T and the escape width F of the giant resonance in Y. If

it is assumed that the semidirect process is comparable in both the neutron and

proton decay channels , then these widths equal 3.3 MeV and 0.7 MeV respective-

ly (the total width of the GDR in 89Y, r = r+ + r+, is equal to 4 MeV). The

value F =0.7 MeV is in contradiction with the results of the calculations of
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Lisenga and Grelner , who obtain T = 2.7 MeV. If we take into account the

theoretical value of the spreading width, which is about 3.5 MeV as calculated
2)

by Mshelia et al. , a total theoretical width T ̂  6.2 MeV is obtained, which

is far too large. We can conclude that the theoretical estimate of the escape

width is about four times too large.

On the other hand, a further study of the statistical decay process

of the T> component of the giant resonance laads to an estimate of the isospin
2

mixing parameter e , which is defined as

|GDR(T>)>

assuming that isospin mixing is negligible in the photo-absorption channel,

so that initially a giant resonance collective motion is created with pure

isospin T . If isospin symmetry were exact for the nuclear system, the T re-

sonance |GDR(T>)> would only decay in the proton channel. The weak isospin

symmetry-breaking electromagnetic interaction in the nucleus however, can cou-

ple the complicated T> configurations with the complicated TK ones, with same

spin and parity, located at the same energy. The latter can decay by a statis-

tical process in the neutron channel. This weak coupling may cause a high iso-
2

spin mixing e since the statistical proton decay is strongly hindered by the
89

high Coulomb barrier in Y. Strong isospin mixing is thus only possible due to
2

the high lifetime of the formed compound nucleus. An estimate of £ can be ob-

tained by means of a simple statistical decay model of the giant resonance (no

interference between the T> and T< parts), using the experimental knowledge of

the statistical decay of the T> resonance in both the proton and the neutron

channels.
2

The quantity e is approximately given by the following expression :

„ r T> I
" L aT(Y,n) + aT(Y,p)

 J
s t a t i s t i c a l

2
as a result we find 0.6 < e < 0.8, making us conclude that isospin mixing

1. R.Lisenga & W.Greiner, Ann.Physics 5^ (1969) 28

2. E.D.Mshelia, K.Roos & W.Greiner, Nucl.Physics A212 (1973) 157.
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89.,
is very strong in the T > giant resonance of Y.

19 1ft
3i31_Study_of the F(y,p) O reaction

(E.Kerkhove, R.Van de Vyver, H.Ferdinande, D.Ryckbosch, E.Van Camp,

P.Van Otten & P.Berkvens).

The problems concerning the absolute value of the pseudo-ground state

cross sections and about the evaluation of the endpoint shift - mentioned in

the previous Annual Report - have been overcome, and the analysis of the

data is in its final stage- From the angular distributions, final results for

the E2-contribution to the (y,p ) channel were derived (fig.3.1) ; these results

.75

.50

.25

.00

OEJ-MIN

..EI-LOW

O.E2- HIGH

I E2-HAX

13. 15. 17. 19. 21. 23. 25.

Ex/MeV-

79,Fig. 3.1 The KdütfJLve EZ-conüUbation to the. f(pp ) cAoii ie.ctlon;
thz me.arU.ng ofi the VOJU.OUA point* it, explained In the text.

perfectly agree with our preliminary estimates (Annual Report - 1978). The

conclusions, however, are somewhat different due to the fact that :

1) the energy region has been extended to 13.4 MeV on the low-energy side ;

this significantly enhances the value of the energy-weighted sum /a(E).E~ dE

2) the two results extracted from all angular distribution coefficients have

now been treated separately instead of averaging them ; they have been cal-

led 'E2-Low' and 'E2-High' in the figure.
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In addition to these 2 solutions, we have also calculated a minimum E2-contri-

bution via minimization of the E2-matrix elements and only using the a. coef-

ficient, as well as a maximum E2-component, by minimization of the El-matrix

elements and using the a?- and a.-coefficients.

'E2-Low' and 'E2-High' turn out to be generally higher than the minimum and

lower than the maximum values, which a^ --. io the credibility of our analysisr

The general conclusions, formulated in the discussion of the preliminary results,

are still valid : the obtained E2-fractions show a minimum around 16.5 MeV,

and maxima at 23.5 MeV and at or belov; 14.0 MeV ; this is in agreement with

theoretical and experimental results of the energy-distribution of the E2-con-

tribution to the Ne photo-excitation ' . Table 3.1 zhows that the E2-contri-

bution to the (Y»P ) photoabsorption exhausts between 37 % and 67 % of the to-

tal E2 energy-weighted sum rule, in the energy region 13.4 - 25.8 MeV.

Table 3.1. : Values for the energy-weighted sum O ~(y,p )
Cué O

Energy-weighted

Theory:

Expe-

riment

1

T=O

6.709 7

E2-Min

E2-LOW

32-High

12 -Max

sum (pb.MeV *)

T=l

.454

5.27

5.46

8.58

9.56

T=0

14.

+ 1.

+ 0.

+ 0.

10.

+ T=l

163

23

65

80

60

0

O

1

1

.79

.82

.28

.42

T=0

± °
± °
+ O

+ O

Experiment/Theory

.18

.10

.12

.09

0

O

1

1

T=

.71 +

.73 +

.15 +_

.28 +

1

O

0

O.

17

09

11

0.08

T=0

0.37

0.39

0.61

0.67

+ T=l

i °
± °
+ o

+ o

.09

.05

.06

-O4

We have also analysed the non-ground state cross sections, using

the "semi-monochromatic photon spectrum" method. Cross sections and angular

distributions were derived for 8 low-lying levels in '^0, which arc known

to have mainly a proton-hole configuration ) ; their energies are given in

table 3.2 (some of these energies correspond to a group of levels, which could

not be separated, because of the limited energy resolution of the photon spec-

trum) . The SUIT, if these cross sections corresponds to a lower limit of the

1. Y.Abgrall et al., Phys.Rev.Lett. 3j> *''''•') 9 2 2

2. Z.M.Szalata et al., Phys.Rev. C17 (1978) 435

3. G.T.Kasehl et al., Nucl.Phys. Al_̂ 5 (1970) 417.
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direct (y,p) process contribution : as the final states all have a simple

structure, all considered (y,p.) reactions mainly proceed through a direct

process. The resulting 9O° differential and integrated-over-angles cross sec-

tions are shown in fig.3.2. Structure seems to be indicated around 18.5, 2o.Q,

18
Table 3.2. : Energies of the low-lying proton-hole states in O

*

0

1

2

3

Energy

0.00 MeV

1.98 MeV

3.63 MeV

4.46 MeV

4

5

6

7

Energy

5.28 MeV

6.27 MeV

6.88 MeV

7.67 MeV

21.5 and 23.0 MeV, while lack of higher energy data leaves the question open

where the rising edge between 24 and 25 MeV reaches its maximum.

16 18 20 22 24 25 16 18 20 22 24 26
E»/MeV—»»-

fig. 3.2 The. di
ion.

and total {tvigtvt) dJbizcX l\r,p] cn.o&&
v
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The nature of this structure has not been interpreted yet, but is seems

likely that a microscopic model approach, which indeed predicts a lot of

structure in the GDR cross sections for light nuclei, might be most appro-

priate.

Additional measurements have been made at 26.75 en 27.5 MeV bremsstrahlung

endpoint energy, with the aim of determining the total (Y/P) cross section

up to 27 MeV. Analysis of these data might provide more information concerning

the reaction mechanism and will remove the uncertainty in the cross section

structure.

3.4. The _P^YfP) Si reaction_in the GDR_region

(A.Aksoy, E.Kerkhove, E.Van Camp, D.Ryckbosch, R.Van de Vyver, P.Van Otten,

P.Berkvens S H.Ferdinande)

The experimental data from the P(Y#P) reaction have been comple-

tely analysed and conclusions were drawn about the reaction mechanism, the E2

contribution to the (Y,p ) cross section and about the interpretation of the

structure in the total photoproton cross section.

Using the photoproton energy spectra, produced by an artificial

semi-monoenergetic photon flux, it was possible to separate some of the decay

channels. An example of such a spectrum, for E = 2O.9 MeV (FWHM = 1 MeV), is

presented in fig.3.3. Also shown are the proton-hole states in Si (located

at or around 2.2, 3.6, 5.2 and 6.9 MeV) which are populated in the (y,p) raac-

tion, together with the•spectroscopie factors derived from a P(d, He) Si

experiment . The decay of the coherent (lp-lh) dipole state to one of these

proton-hole states in the residual nucleus results from a direct reaction me-

chanism.

In fig.3.4. we compare our 90° differential (y#P ) cross section with the

2) °
data of Tsubota et al and with the results from a(p,Y ) experiment by

3) °

Cameron et al using the principle of detailed balance. The agreement is fair

as far as the observed structure is concerned but our cross section seems in

general to be somewhat smaller. On the other hand our 90° (y,p.) cross section
1. H.Mackh et al-, Z.Physik 26J3 (1974) 353

2. H.Tsumbota et al., J.Phys.Soc. Japan 3_5 (1973) 330

3. C.P.Cameron et al., Phys.Rev. C2£ (19BO) 397.
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2)
is slightly larger than that obtained by Tsubota et al.

As mentioned in the previous Annual Report, the a, angular distribution

coefficient for the (Y»P ) channel is definitely positive in the entire region.

We have derived a tentative E2 cross section which is shown in fig.3.5. However,

U 16 18 20 22 24

Fig. 3.5

An estimate, oiï the. £? csi'Si 6cc
, 3;

-tn -c«e "ijf'P ' cnflKHè̂ , bait.,

the. a. IE] angulaA dAAtn.ibtLtA.on

the observed quadrupole strength is about a factor two stronger than that

measured by Cameron et al. ; this might be due to the limited accuracy of

our a 4 coefficient.

We have determined the total (Y»p) cross section, as shown in

fig.3.6. The value of the between 17 and 24 MeV integrated photoproton cross
2

section amountsto 16.6 +_ 2.8 MeV.fm . Adding the (Y,n) cross section as measu-
4)red by Veyssière et al. we find a total integrated photoabsorption cross

section equal to 35.2 MeV.fm in the same energy region ; this represents

about 76 % of the classical dipole sum rule.

4. A.Veyssière et al., Nucl.Phys. A227 U'J74) 513.
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Although isospin splitting might play a role in the interpretation

of the gross structure observed in the P GDR, another explanation could be

the effect of ground state deformation. The large total width of the resonan-

ce (= 10 MeV) is consistent with the suggestion by Bohr and Mottelson , based

on the analysis of magnetic moments, that P is strongly deformed and has

an oblate shape- Applying the dynamic collective model we obtain for the in-
31 2

trinsic quadrupole moment of P a value of ̂  30 fm ; this is to be compared
with 32 and 31 fm for the neighbouring nuclei Al and S respectively

45 44
3.5. Study of the Sc(y,p) Ca reaction.

(D.Ryckbosch, E.Van Camp, R.Van de Vyver, E.Kerkhove, P.Van Otten,

P.Berkvens a H.Ferdinande)

45 44
The data from the Sc(y,p) Ca experiment have been fully analysed

5. A.Bohr & B.R.Mottelson, Mat.Fys.Medd. 71_ nr 16 (1957)

6. M.Danos, Nucl.Phys. 5 (1958) 23
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in the energy region between 17 and 29 MeV. The absolute ground state cross

section and the angular distribution coefficients, a. and a,, are plotted in

fig.3.7. Major structure in the cross section is observed at 17.5, 19.2 and 23.0

• I i I • I i . I ' .

Fig. 3.7

The Sclr,po) Ca CAOU zzcZlon
with the angwtcui di&tnibutLon coe.UlcA.zntA
a , (E ) and a (E).

MeV, while some minor resonances are present throughout the GDR. The energies

of the dominant peaks agree with the structure appearing in the (y,n) cross

section . The absolute magnitude of our cross section is about a factor four

higher than the one obtained by Oikawa et al. ; however, for reasons we will

mention furtheron, we are confident that our result is correct.

The a^ coefficient has a mean value of O.15 +_ 0.03, indicating some (El,E2)

interference. As there are too many unknown variables in the explicit expres-

sions for the angular distribution coefficients (intensity and relative phase

of the various proton waves), it is impossible to obtain a quantitative esti-

mate for the electric quadrupole contribution to the photoabsorption process.

1. A. Veyssière et al., Nucl.Phys. A227 (1974) 513

2. S. Oikawa S K.Shoda, Nucl.Phys. A227 (1977) 301.
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Using our artificial semi-monochromatic photon flux procedure, we

were able to determine the cross sections for the (Y/P) reactions leading to
44

specific proton-hole states in the residual nucleus Ca. In table 3.3 a com-

parison is made between our integrated cross sections (18-24 Mev) and the

spectroscopie factors for the corresponding levels

From these results it is possible to deduce the direct-semidirect (DSD) cross

section , as shown in fig.3.8 ; also the total photoproton cross section is

Fig. 3.&

The. düiect-ieMidüizd and total,
the. Sclr,p) faction

presented (or rather the 90° differential cross section, multiplied by 4IT) .

The between 17 and 27 MeV integrated total (Y»p) cross section amounts to 22O

MeV.mb, or 33% of the TRK sum rule. Combining this results with the (Y#n)

data shows that about 100% of the classical dipole sum rule is exhausted by

the (Y/P) and (Y/n) reactions alone-This agrees with the general behaviour

observed in this mass region.

The integrated DSD (Y,p) cross section (extrapolated to 27 MeV) equals

about 77 MeV.mb, thus showing that some 65% of the photoprofcons is emitted in

3. G.Mairle et al., Nucl.Phys. A134 (1969) 18O.
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Table 3.3. : Comparison between integrated partial cross sections and the

spectroscopie factors

I

44

V ca)
(MeV)

0.00

1.16

1.88

2.29

2.66

3.37

3.78

4.48

5.07

5.43

6.1O

3, 7/2

3, 7/2

3, 7/2

3, 7/2

3, 7/2

2, 3/2

2, 3/2

0, 1/2

0, 1/2

0, 1/2

2, 3/2

c2S

0.40

0.15

0.11

0.07

O.16

O.92

1.7O

O.55

O.46

O.5O

O.92

- 24 MeV

18 MeV

(mb.MeV)

3.35 -^0.05

(0.24 +_ O.O6)

2.42 +_ 0.18

-

-

1O.52 +_ O.59

8.89 + O.76

9.49 + O.62

-

23.73 + 0.81

-



28.

either a pre-equilibrium or an equilibrium process- This equilibrium part of

the reaction can be well described by a statistical model calculation.

In such simple model we have taken into account the effect of isospin splitting

and the geometric factors for the various isospin channels. For the ratio of

the integrated (Y,n) to (Y/P) cross sections for statistical decay, we obtained

a value of 3.2. Assuming that all of the non-DSD ly,p) cross section is due

to an equilibrium (or statistical) process, a statistical ("y,n) cross section

is obtained which is larger than the one actually measured. This means that

we clearly over-estimate the equilibrium contribution to the (YiP) channel.

This may arise from two reasons : either we measure too low a DSD cross section

or there exists a significant contribution from pre-equilibrium decay. However,

we are quite confident that we determine all of the DSD strength ; in fact,

it is even possible that we overestimate this DSD cross section as we assume

all decay to proton-hole states to be direct-semidirect. Moreover, our DSD

cross section is normalized to the ground state cross section which not necessa-

rily is completely direct-semidirect. However, using a statistical model calcu-

lation we estimate the equilibrium contribution to the (Y»P ) cross section

not to be higher than about 3%. Consequently, we believe our DSD cross section

to have about the exact magnitude. This analysis also renders more confidence

to the value of our (Y,p ) cross section.

Indeed, if we should normalize our DSD cross section to the ground state data
2)

obtained by Oikawa et al. , we would arrive at even a

and equilibrium contribution to the photoproton decay.

2)
obtained by Oikawa et al. , we would arrive at even a larger pre-equilibrium

45
If any theoretical value of the nucleon escape width for Sc were available,

it would he possible to determine a more quantitative estimate of the pre-

equilibrium component to the proton decay. Now we can only state that this

process contributes significantly to the (Y»p) reaction.

3.6. Photoproton reaction chamber for gaseous targets

(P.Van Otten, R.Van de Vyver, P.Berkvens, E.Kerkhove & D.Ryckbosch)

The mechanical construction of the designed (YiP) reaction chamber

has been completed; it will enable simultaneous detection of photoprotons

under 9 angles. As mentioned in Annual Report-1979 an electromagnet is placed

over the chamber, yielding a magnetic induction of over 2OOO G in its centre ;

this should provide adequate shielding against scattered electrons.

The geometrical efficiency of each detector was calculated using a Monte Carlo
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code, as a function of shape, position and aperture of the collimation system

placed in front of each detector.

Some problems were encountered with the mylar foils (some of them which seemed

to be perforated) that are placed in front of the detectors to shield them

from the gas inside the chamber. The thickness of these foils was accurately

determined from the measurement of the energy loss of the a-particles from a
228

Th-source suffered in these mylar sheets.

The chamber has now been installed at the high-resolution deflection channel of

the linac for testing and background runs. Preliminary results show that this

background is not as small as was expected ; we hope that it can be further

reduced by additional shielding and by lining the inside walls of the chamber

with a low-Z material.

3.7. Positron production and acceleration - Creation of a quasi-monoenergetic

photon beam

(P.Berkvens, R.Van de Vyver, W.Mondelaers)

As the general linac cooling system was greatly improved, previously

limiting the attainable electron beam power, we have performed additional

measurements of the accelerated positron currents, produced in the electron-

to-positron conversion facility. The measured intensities are listed in Table

3.4 as a function of positron energy.

Tables 3.4. : Positron current as a function of positron energy for E = 30 MeV

Eg+ (MeV)

12.0

13.0

14.0

15.0

15.9

17.0

18.0

20.0

21.6

23.4

25.0

26.4

27.2

I e + (nA)

(I_ = 45 mA)

0.29

0.35

0.40

O.49

0.60

O.65

0.77

0.93

1 .0

1 .0

l.O

1.08

1.15

I e + 1.8 (nA)

(I_ = 1O5 mA)

O.52

O.63

O.72

O.88

1.O8

1.17

1.39

1.67

1.8

1.8

1.8

1.94

2.07

I . (nA)e+,max

1.17

1.42

1.62

1.98

2.43

2.63

3.13

3.76

4.05

4.05

4.05

4.36

4.66
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These measurements were performed at a nominal electron peak intensity of

45 mA ; the obtained positron currents are given in column 2 of table 3.3.

In addition, for E = 25 Mev, the incident electron current was gradually

increased, and the <

shown in table 3.5.

increased, and the corresponding e current was measured ; these figures are

Table 3.5. : Positron current as a function of incident electron beam current

E + (MeV)

25.

25.

25.

25.

I + (nA)
e } gem

1.0

1.18

1.45

1.8O

E (MeV)
e~

^ 30.

'V 30.

^ 30.

^ 3O.

45

60

75

1O5

ï _ (mA)e ,gun

65

90

115

16o

We note that an increase of I_ from 45 to 105 mA results in a corresponding

increase in I of a factor 1.8. This value was used to scale up the measured

e -current values, and the result is listed in column 3 of Table 3.4. This

105 mA peak electron current corresponds to a gun current of about 160 mA ;

now, as this current may be increased to about 360 mA, we can expect a further

increase of I of maximum a factor 2.25. Applying this value to the figures

of column 3 yields columm 4 (table 3.4) ; it shows that a maximum accelerated

positron current of about 4 nA can be expected (shielding problems prevent us

presently from performing these measurements).

In fig.3.9 (taken from a compilation by Dr.R.Bergere, Saclay) we added our

measured and estimated values to the results obtained in other laboratories.

After annihilation-in-flight of the accelerated positrons in a O.125 mm

thick Be-converter target, we have performed a test measurement aiming at the
28 27

study of the Si(y,p) Al reaction. A 3 mm thick Si(Li)-detector was placed

directly in the beam, serving both as a target and a detector, realizing a

4ïï-geometry. The experiment was carried out at a positron energy of 2O.5 MeV.

A "background" run was performed using an electron beam, hitting the same Be-

converter. The net photoproton spectrum is shown in fig.3.10 ; the ground state

photoproton spectrum clearly shows up while also the decay to the first (O.843

MeV) and second (1.O14 MeV) excited state in the residual nucleus can be identi-

fied. After optimization of the e beam characteristics, trying to obtain a

better energy resolution, these measurements will be continued.
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4. POSITRON ANNIHILATION

(M. Dorikens, L. Dorikens-Vanpraet , D. Segers, A. Salamon (Poland)

and Mbungu Tsumbu (Zaire))

4.1. Evidence for positron trapping in magnesium from doppler-broadening

measurements

In order to clarify the question whether thermally induced vacancies

in magnesium trap positrons or not, we extended our equilibrium measurements

(see Annual Report 1979) from 630K to very near the melting point of magne-

sium (922K). The sample was a small r jnesium cylinder (0 = 6mm, height 10mm)

with a central borehole (0 = 3mm, depth = 7 mm) and with a cover of the
22

same material. After etching, a droplet of NaCl in neutral solution was

put into the hole and dried in air. The cover was electron beam welded in

vacuum onto the cylinder. Since magnesium has a high vapor pressure at ele-

vated temperatures, the sample was put into a quartz cylinder which was

evacuated and closed by melting, so that the sample was in a static vacuum.

Measurements were performed in the interval 600 - 900 K and also at

room temperature in order to match these measurements with the earlier ones

in the interval 4 -630 K. The complete curve is represented in figure 4.1.

0 X» 200 300 tOO 500 600 700 S00 900 T|K)

F-tg. 4.1 lintehape. pasuun&teA S as a {unction o/J tmpe/uutuAe. In magnesium.

L
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From this figure it is clear that from about 700K the S-parameter as a function

of temperature rises in a steeper way. To the data in the interval 10K-630K a

curve of the following form was fitted :

where S and S, are constants and Al/.l is the thermal expansion. The result is
o 1 o

represented in figure 4.1. as curve (a).

It is clear from the figure that in the high temperature region the measured

data points lie well above the thermal expansion curve. From this it is conclu-

ded that thermally induced vacancies in magnesium do trap positrons. The vacan-

cy formation enthalpy H. was derived once using the empirical relation H. =

14 k T where k is Boltzmann's constant and T is the threshold temperature for
c c

vacancy trapping (T = 710 + 15K) and once by fitting the trapping model. The

results are respectively :

eV

The energy for self-diffusion in magnesium is 1.40 eV, so that the migration

energy for the mono-vacancy is estimated to be

H"V = 0.55 eV + 0.08

4.2. Positron annihilation study cf neutron irradiated aluminium

Pure (99.9999%) polycrystalline aluminium was irradiated with fast neutrons
19

in the BR2 reactor in Mol at the temperature of 90°C, up to fluences of 1.94 10 ,
19 20 2

8.76 10 and 1.0 10 n/cm . For the positron annihilation measurements the

irradiated disks (0 10 mm, thickness 2 mm) were spark-cut into smaller pieces.
22

A droplet of NaCl in neutral solution was deposited directly onto the samples.

Two series of measurements were performed

- Dopplerbroadening and lifetime measurements as a function of temperature,

below the irradiation temperature, called here after "low temperature measure-

ments"

- an annealing emperiment with lifetime and Dopplerbroadening measure-

ments for the highest dose sample.
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4.2.1. Low temperature measurements

The Dopplerbroadening of the annihilation line was measured as a function

of temperature for the annealed samples and for 3 sets of irradiated samples,

with doses as mentioned above. The calculated S-parameter is represented in

figure 4.2. All the curves display the same behaviour. From the decrease of

the S-parameter with increasing temperature in the region below 100 K, it is

concluded that at low temperatures the positrons are localized into shallow

traps such as for example grain boundaries, impurities, etc.

The lifetime results for the highest dose sample are represented in fi-

gure 4.3. From the comparison of the measured T. value with the recalculated

value (using the trapping model and the experimental results for I_, T« and T_)

the conclusions of the Dopplerbroadening experiments are confirmed.

Fig. 4.1 ¥lg. 4.3

LLnzikape. pan.ameX.vi ca a {junction ofa tempefwuhviz [&*£. 4.2) and

tiintimn tieAults ion. the highest dote, sample. [&lg. 4.3) beJLow the. JbouadJL-

oution tempetatutie.

4 .2 .2 . Annealing experiment

An annealing experiment was carried out with the highest dose sample.

The sample was heated for 30 min. starting from 400 K at intervals of 20K.

The results are represented in figure 4.4. From this figure i t is seen that

the irradiation-induced defects are all annealed out at 600 K. I t is believed
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Ug. 4.4

LLneAhapz £ac£oï and LL$&tüneA in

anneaLLng o& the. (UgheAt dote, tempte..

500 T[K]

that the majority of the irradiation-induced defects are very small voids

(diameter 10 A). This conclusion is still to be verified with electron micro-

scopy. Annealing experiments with other heating rates are in progress.

4i3i_Low_temperature_electron_irradiation ofjnetal samples

In order to study electron irradiation-induced defects with the positron

annihilation method, an irradiation facility was designed for installation on

one of the beams of the linear electron accelerator. The lowest energy for the

electron irradiation experiments which can be obtained with the Ghent electron

LINAC is about 10 MeV with a mean current of 10 UA. In the direct beam direc-

tion a collimator with aperture 10 mm will be installed to define the beam.

Behind this collimator a vacuum chamber will be located in which a ferrite in-
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duction monitor with current integrator is mounted. The flow cryostat can be

placed into the vacuum chamber and provides the possibility of cooling the

samples during the irradiation. After the irradiation the cryostat with the

cooled sample can be removed from the irradiation facility and transported

to the positron measuring equipment. During this transport the vacuum in the

cryostat has to be conserved. The whole irradiation set-up has been built and

tested for vacuum leaks; it only needs to be installed at theLINAC.

4.4. Multi-parameter set-up

A multi parameter set-up was built in order to study the relation between

positron lineform factors and the "age" of the positron. Figure 4.5 shows a

block diagram of the equipment. The set-up works satisfactorily but due to the

very small size of the available hyperpure Germanium detector the efficiency

of the spectrometer is much too small to be of any practical use.

Ug. 4.5

Block dU/XQUam o£ poiJUtfton
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4^5. Computer analysis of positron lifetime spectra

A computer program for the analysis of complex positron lifetime spectra

was developed and tested. The conventional analysis programs make use of a gaus-

sian shape for the response curve of the spectrometer. For complex spectra this

approach is not satisfactory. A more accurate description of the response cur-

ve and thus of the spectrum is obtained by an "exponential sided gaussian" (ESG)

i.e. a gaussian with exponential "tails" on both sides. The width of the gaus-

sian and the height and slope of both the exponentials can be introduced into

the fitting program, either as parameters to be fitted along with the other da-

ta, or as constants. Since the measured spectrum is a convolution of the real

lifetime spectrum with the response curve the fitting procedure may become quite

complicated in cases where the lifetime spectrum contains more than two components.

4.6. The influence of scintillator thickness on the resolution of a gositron

lifetime spectrometer

During his stay in our laboratory, Dr. Salamon (Katowice, Poland) has stu-

died the influence of the thickness of the scintillator on the resolution of a

positron lifetime spectrometer. He tried to improve the resolution by making use

of the Compton effect in gold- and lead foils and of very thin fast scintilla-

tors for the thus formed electrons. However, since the pulse formation in the

scintillator is only of second order importance for the resolution, as compared

to the time spread in the photomultipliers, the obtained resolution improvements

were insignificant.
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5. DOSIMETRY

5.1. Introduction

The research performed by the Dosimetry group has mainly covered the
85

ecological studies of the atmospheric Kr concentration on the one hand, and

of the radiation effect on aerosol formation on the other hand, which is rela-

ted to the former because Kr is expected to become within a few decades the

major contribution of the nuclear industry to the background radiation. These

projects are partially supported by the Commission of European Communities.

In the work on Fricke dosimetry, some essential points have been further

investigated. The theoretical work on particle transport has been mainly per-

formed through Monte-Carlo simulations. An application of the photon transport

programme to shielding problems has been worked out.

5.2. Electron and ghoton transport

5.2.1. Low-energy electron transport

(I. Clarysse , A. Janssens)

In order to study the energy deposition of low-energy electrons, a Monte-

Carlo programme has been written in which scattering interactions are individu-

ally taken into account. The entire set of data for low-energy electrons and

for small absorber thicknesses will allow the derivation of an exact energy

deposition function for use in the general cavity theory.

An example of the output of such calculations is given in figure 5.1.,

in which the transmission, absorption and backscattering of 20 keV electrons

in Copper are given as a function of slab thickness and of the angle of inci-

dence .

Laboratorium voor Natuurkunde II (Prof.J.Demuynck)
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5.2.2. Monte-Carlo simulation of shielding

(A. Janssens)

straightforward application of Monte-Carlo simulation to shielding

problems would require a large number of histories due to the typically very

small escape probabilities. Reasonable computing times can be achieved by com-

pelling the trajectories to favour an escape of the particles, and consequently

by weighting the particles with the product cf probabilities of all forced events.

Such types of computations have been applied to the calculation of the shielding

by a cylindrical lead castle surrounding a Cs-137 source. The escape probability
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of the primary photons being of the order of 10 , good counting statistics

would require at least 10 histories. Moreover the contribution of secondary

photons is of the same order as of the primaries, such that in principle the

photon trajectory should be followed up to the end. The counting statistics

of the multiply-scattered photon contributions is improved if the trajectory of

a photon is continued as long as its weighting factor exceeds a minimum. Thus

at each step, photoelectric absorption of the photon is forbidden and a new

Compton or fluorescence photon proceeds. For a minimum weighting factor of

same order as the transmission probability, a large number of photons escape,

although with a wide range of weighting factors, such that the counting sta-

tistics are not so much better. Finally the efficiency of the calculations was

very acceptable when the contribution of secondary photons of different order

are computed separately. The photons are forced to reach this order and then

to escape from the shielding volume, being weighted with the escape probabili-

ty. Typically a computing time of 1 hour is required for a precision of a few %.

A further reduction of computing tir^ can be achieved by counting the es-

cape of a photon as above, and forcing the same photon to interact within the

structure, its weight being multiplied with one minus the excape probability.

This method is applicable if the induced correlation between the orders is not

relevant.

5.3. Ferrous sulphate dosimetry

5.3.1. Molar extinction coefficient of Fe

(E. Cottens , L. Schepens)

Our work on the absolute determination of the molar extinction coefficient

of the ferric ion in 0.8 N H„S0. solution has been completed with a careful stu-
2+

dy of alternative procedures for the oxidation of the standard Fe solutions,

prepared from high purity metallic iron. The standard procedure for elimination

of the excess oxidans H O consists in prolonged boiling. Alternatively residu-

al HO- was neutralized by adding KMnO.. The reverse procedure, oxidation with

and elimination of the excess by H2O_, was also applied. Both methods

Laboratorium voor Natuurkunde II (Prof.O.Segaert) up to 15/11/1980; there-

after Nuclear Physics Laboratory.
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suffer from the effect of a small but irreproducible excess of KMnO , causing

significant differences between the results obtained with different stock so-

lutions. The mean molar absorbance coefficient for Fe is 0.5 % higher than

the value obtained with the standard procedure (Annual Report 1979).

Our laboratory participated in an international intercomparison of spec-

trophotometers used for Pricke dosimetry. The transfer absorbance standard was

K„Cr.0_, and essentially the same procedure was followed as that adopted for

the calibration of our instrument (Annual Report 1978). The results agreed with

our earlier calibration as was expected from our periodical calibration check.

5.3.2. The effect of NaCl on the G-value

(E. Cottens, J. Buysse, A. Janssens)

The observed quantitative agreement between the measurer" decrease of the

G-value and the inhibition of H O formation as a recombination product of OH-

radicals under the influence of Cl ions (Annual Report 1979), has been further

investigated. A straightforward explanation for this agreement is the assumption

of a reaction mechanism by which the missing H O is substituted by an equiva-
2+

lent amount of HOCl, with a very small rate constant for oxidation of Fe . The

first chemical tests seemed to support this mechanism. The slow oxidation compo-

nent could, however, not be observed in irradiated Fricke solutions, even at

much higher NaCl concentrations. Subsequent experiments with HOCL solutions pre-

pared from fresh NaOCl, that are added to the dosemeter solution, yield a consi-
2+

derable instantaneous oxidation of Fe , together with a highly reduced slow

oxidation. The slow component could be attributed to CIO , which oxidizes slow-

ly in 0.8 N H SO,. This product is formed in a slow disproportionation process

in the OCl solution, which explains also the reverse results obtained with the

older reagens. The rapid oxidation component in Fricke solution could be quan-

titatively derived from the measured HOCl concentration. It was further proven

that no mutual neutralization of H O and HOCl occurs.

The dependence of the NaCl effect on the cubic root of the Cl concentra-

tion is characteristic for reactions in the spurs. The observed quantitative

agreement with the decrease of the H-O yield suggests a close relationship of

both effects.
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85.,
5.4. Studjr and measurement of the atmbsphericjpollution by Kr

5.4.1. Sampling and counting method

(A. Janssens, D. Van Peteghem, G. Eggermont, F. Raes, E. Cottens, J. Buysse)

The measuring procedure has been modified in order to reduce the rather

large uncertainty on the pressure correction. The mass of the sampled Kr-gas

being derived from the measured pressure, volume and temperature of the gas r a

correction for the Kr-pressure at liquid nitrogen temperature and for residual

He-carriergas has to be performed. This pressure correction, which was derived

by mixing a known mass and activity of Kr in the He-stream, was found to in-

crease with increasing total pressure and moreover the spread was rather high.

In an attempt to eliminate this correction the gas was adsorbed on a small mo-

lecular sieve which was inserted between the collection volume and the vacuum-

pump. It was found that the He-gas could be fully pumped off, but not without

removing a significant fraction of the Kr. However, for atmospheric samples the

correction pressure was sometimes found to be much higher than the Kr-vapour

pressure. These increases could be attributed to a small residual amount of ni-

trogen. This observation has led to a more precise and standardized procedure

for switching the values during the chromatographic separation. Finally a Mew

correction diagram was determined (Fig.5.2) which is fully satisfactory : the

spread of the data and the slope of the straight line are small. However, for

total pressures larger than 5 kPa there is a sudden increase of the slope, which

has to be examined further.
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5.4.2. Discussion of the measurements

(A. Janssens, D. Van Peteghem, F. Raes)

The programme for measurement of the atmospheric Kr activity, started

in 1979, has been continued this year. The results obtained till now are shown

in Pig.5.3. It is noteworthy that the background has not changed, although al-

most a doubling of the Kr concentration is observed during the last ten years.

i ••—•• •- •'• •..•••*.'•.... «,-.•.»«••.•»•.
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due to the world reprocessing activities. Again a number of peak concentrations

have been measured. The analysis of thes peaks in relation to the releases in

the reprocessing centre in La Hague, France, has progressed.

First, calculations of the trajectories from synoptic data have been per-

formed for the dates in 1979 preceding the observation of the peaks. Then puff-

model calculations with gaussian dispersion of the plume (Doury, A., et al.,

Rapport DSN 84) have been applied to a hypothetical release (3000 Ci in 3 h,

official data being withheld). All the calculations show that the trajectories

pass sufficiently close to our measuring station to yield a concentration of

at least 10 pCi m (0.37 Bqm ) . As an example of such results the contour-

lines of the concentration and the time profile of the concentration in Ghent

are given in Figs.5.4 and 5.-'.'. for a release on June 25, 1979 between 11 and

14 h . The following day a concentration of 86 pCi m (2.3 Bqm ) was mea-

sured.
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These tracing calculations strongly support the hypothesis for the pollu-

tion source, and seem to agree with the dilution parameters proposed by Doury,

for a realistic source term. As a further step a statistical analysis of the

frequency of the peak concentrations has been performed. Analytical calculations

of the probabilities for a given release pattern have Leen performed, based on

the distribution of wind directions and velocities measured in Mol, Belgium

(Bultynck R. et al., SCK Rep. BLG 446). Finally the Monte-Carlo method was found

te give a clear picture of the expected concentration distribution. An average

release of 2500 Ci/day is assumed, consisting of a number of releases of 1000 Ci

in 1 h, with an interval of 1 h in between. The number of releases satisfies

the hypothetical distribution given in Fig.5.6. The release period is assumed to

be situated at random between 0 and 24 h, and the sampling is performed between

9 - 11 h at a later date. The frequency of samples with an activity larger than

0.2 Bq m is of the order of 5%, with an average concentration of about 1 Bq m ,

which is in rather good agreement with the actually observed picture. The Monte-

Carlo simulation offers the possibility to analyse the relation between the mea-

surements and the actual releases in the preceding days. Also the advantage of

sampling during longer periods, say 12 h or 24 h, has been estimated. The num-

ber of peaks is found to increase a little, whereas the average concentration

decreases (for 12 h, 8% samples larger than 0.2 Bq m~ with an average of O.5

Bq m ). Long sampling periods offer the possibility to analyse the results in
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5.5. Study of radiation effects on aerosols

(F. Raes, A. Janssens, G. Eggermont, J. Buysse)

5.5.1. Effects of UV and ionizing radiation on formation and evolution of at-

mospheric aerosols

In the light of the expected large Kr pollution of the atmosphere, an

experimental study of the effect of ionizing radiation on the formation of new

aerosols in realistic polluted atmospheres was started. It is known that through

dissociation of NO by sunlight (290-430 nm) HNO is produced and photolysis of

HNO leads to the formation of OH radicals :

HNO2 hV(<400 nm) ̂  OH + NO

These highly reactive OH radicals are thought to be responsible for the oxida-

tion of SO, to SO.,. As SO, rapidly absorbs H_O, sulphuric acid is formed which

nucleates to form tiny droplets (aerosol) or condensates on a surface, it is

presumed that synergism of UV light and ionizing radiation can affect the for-

mation of aerosols through an enhanced transformation of SO_ to H_SO.. Nucleation

is also facilitated in the presence of ions.

To study these effects a flowreactor has been built (Fig.5.7). The reactor

consists of a quartz tube (0 9 cm, 40 cm long), surrounded by UV lights (300-
2

450 nm, 1500 yw/cm ) and suitable for external irradiation with a C0-60 source

(25 mrad/h) A pure and dry air stream is split into two streams. One of these

is saturated with water vapour, and SO» and NO. are introduced in the dry air
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stream using permeation tubes. Mixing of the two streams provides a primary

gas-stream, with a known relative humidity (0-80% R.H.) and known SO and NO_

concentrations (0.1-0.5 ppmV). A variable fraction of the primary gas-stream

is led through the reactor (0.3-5 1/min). At a given flowrate of this seconda-

ry flow, the particle concentration at the outlet of the reactor gives a snap-

shot of the formation and evolution of the aerosol. Although the Re-number is

always lower than 400, the flow in the reactor remains turbulent because of

thermal convection and badly designed in- and outlet.

The particle concentration is measured with a TSI condensation nucleous

counter (CNC). In Fig.5.8 the result of a photochemical experiment (UV only)

for two relative humidities is shown. Particle concentrations were measured

at different secondary flowrates, determining different passage times through

the illuminated zone. One thus obtains the evolution of a photochemically for-

med aerosol. The curve shape is similar to the results of experiments perfor-

med under static conditions in closed vessels : particle concentration increases

very fast due to nucleation, then levels off when nucleation and coagulation
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become equally important. The stability of the established concentrations is

within 5%. Reproducibility is less good due to insufficient control of the se-

condary flow, which is very important, given the speed of the nucleation process.

The experiments were repeated, now irradiating the reactor both with UV

light and the y-source. Fig.5.9. shows the concentration versus passage time

in both cases, and also the ratio of both concentrations. One can observe that
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this ratio decreases with passage time and tends to unity. Thus the effect

seems to disappear when passing from the nucleation phase to the condensation

phase. From the present state of the experiment one can not yet conclude what

the actual effect of radiation is , nor what the effect remaining after the nu-

cleation phase represents. The increase of particle concentration for small

passage times is thought to be either due to an accelerated nucleation around

ions, either to an enhanced SO- to H2
S04 oxydation, or both.

A new flowreactor is designed accounting for the disadvantages of the old

one. Especially,there will be looked for obtaining a laminar flow, allowing

to estimate particle losses and exact passage times.
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5.5.2. Hadiolytic formation of aerosols

(in collaboration with Y. Metayer, Laboratoire de Physique de l'At-

mosphère, CEA, Fontenay-aux-Roses)

During the study stay by F. Raes at the Laboratory of Atmospheric Physics

in Fontenay-aux-Roses, some experiments were performed in order to examine the

transformation of S07 by radiolysis and to study the nucleation of H so. around

tons.

In earlier experiments (Metayer, Y., GflF Conference 1980) aerosol forma-

tion was found to take place in pure air with 0.2 ppm S0„, exposed to Rn-222

at dose rates above a treshold of 50 mrad/h. We have repeated this experiment

with use of a K.r-85 source, which yields particle formation only at a high S0„

concentrations (>5 ppm). This shows that (3-radiation is less effective in trans-

forming SO to a condensable product than a-radiation, which has a much higher

local ionization density.

Nucleation was studied by irradiating saturated N - H O - H SO gas mix-

tures above the H O - H„SO. bulk solution. Only in the presence of an a-point

source, aerosol particles were formed. However, the appearance of particles

can not be explained by the classical nucleation theory for a H O - H 2
S O4 svstem-

This suggests that because of the very high local dose rate of the a-source,

condensable products other than H„SO. are formed. Measurements with an iontrap

between the reactor and the CNC show that newly formed particles are charged,

indicating the role of ions as nucleation centres.

The results of the Rn-222 radiolysis experiments were further analysed.

We found that the relationship between aerosol surface per air volume, A(cm ),

and the formation rate of the condensable product, F(s ), can be discribed

by Mc-Murry's relation (Me Murry, Thesis Calif. Inst. Techn., Passadena, 1977) :

A =1.21 1 0 3
F
3 / 5 t 1 / 5

This formula is based on the self-preserving distribution for a coagulating

neutral aerosol. The agreement is shown in Fig.5.10. The conclusion is that

the coagulation of a radlolytically formed aerosol is similar to that of a

photochemical aerosol.
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5.5.3. Instrumentation and calibration

The manually operated Gardner-CNC has been automated in the laboratory

and has been calibrated against the TSI counter. For this purpose a NaCl aero-

sol with variable concentration and mean size is generated and led to a 1 1

volume from which both counters sample. In Fig.5.11 the calibration certifi-

cate for the Gardner counter, and the calibration points for the automated

Gardner are given.

The calibration is performed for aerosols with a mean diameter of 0.06 ym and

0.13 ym. The new calibration factors are about a factor 2 larger than the manu-

facturers certificate indicates. Such a discrepancy has been also observed by

others (Liu et al., Atm. Env. ̂ J_ (1977), 1097) which means there is not neces-

sarilly a reduction of sensitivity due to the automation. We further noticed

that the counting efficiency of the Gardner is size-dependent above 10 parti-

clas per cm . Hence we conclude that the Gardner-CNC is most reliable in the

10 -10 cva concentration region, where the calibration accuracy is + 20%.
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5i6._Research valorisation

(G. Eggermont, A. Janssens)

An official authority has appealed to our experience on the radiolo-
85

gical effect of Kr and on the atmospheric transport of pollutants to make a

risk study of an industrial activity using rather large quantities of Kr.

5.7. Radiation Protection

(G. Eggermont)

A course on "Actual Topics in Radiation Protection" is given in the

interdisciplinary programme "Safety Management" at the university of Antwerp

(UIA). Therefore the study of safety and environmental problems of nuclear

energy, reevaluation of background irradiation (e.g. building materials), non-

ionising radiation and the effect of low doses was extended.

Special concern was given to the practical implementation of the ICRP26
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recommendations and the application of the European Community Directive of

July 1980.

One of us participated in the Third Meeting of the Advisory Group of

experts on the Revision of the Basic Safety Standards (IAEA/lLO/WHO/NEA) which

has worked out its final draft in december 1980 in Vienna.
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6. NUCLEAR THEORY

(K. Heyde, M. Waroquier, P. Van Isacker, H. Vincx, G. Wenes, J.

Vanmaldeghem )

6.1. Coexistence of spherical and deformed states

6.1.1. Doubly-even Cd nuclei (in coll. with A. Backlin, (Uppsala), K.Sch.ceckenbach

(ILL, Grenoble))

In the doubly-even nuclei ' ' Cd, a detailed study of the in-

fluence of proton two-particle two-hole (2p-2h) excitations, acting through

the closed Z = 50 proton configuration, has been carried out. The formalism is

discussed in detail in refs.1-2. These calculations have been compared with

proton 2p-core coupling calculations. The latter calculations can give a satis-

factory explanation of a number of low-lying, collective states in ' ' Cd.

Recent experimental observations of extra low-lying J =0 ,2 levels at low ex-

citation energy ' ' (close to the excitation energy of the two-phonon triplet

of J =0 ,2 ,4 states) can thus find a rather simple explanation. Electromagne-

tic E2 and E0 decay properties can also be accounted for even in a quantitative

way (see fig.6.1).

As a conclusion , we can state that an interaction mechanism exists

in doubly-even Cd nuclei (110 < A £ 114), mixing two types of configurations :

vibrational quadrupole excitations and proton 2p-2h configurations, the latter

giving rise to quasi-rotational energy spectra.

6.1.2. EO transitions in doubly-even Sn nuclei (in coll. with A. Backlin,Uppsala)

In the doubly-even Sn nuclei, J =0 levels have been studied in

a detailed way, especially concentrating on their E2 and EO decay. The J.=0

and 0, levels have a strongly different character which shows up especially via

the very different E2 strength. The B(E0) value between J.=0 and Jf=02
 l e v e l s

is 1 to 2 orders of magnitude larger as compared to the ground state B(E0) tran-

sition rates (Fig.6.2). This fact can be explained assuming that the J.=0 and
• i g *7

0„ levels correspond to largely different equilibrium deformation values ' .

Research Assistant at the "institut de Physique nucleaire",Lyon.
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Fig.6.1. The theoretical level scheme as compared with the experimental level

schemes (up to E^ < 1.5 Mev) for 112/114Cd. The B(E2) values are drawn as black

arrows, in Weiskopf units, whereas for EO transitions, the values D 2 X 1 0 3 are

shown (hatched arrows). The halflifes (in psec) are drawn at the right hand

side of each level.
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Fig.6.2. The theoretical and experimental (ref.7) X ; X„ and X, values.
i i £• 2,1 3,1

Experimental points are connected with full lines to guide the eye .theoretical

points with a dashed line. Also, the spherical vibrator value of X(=f> ) is

indicated with a light full line.
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These results point to the conclusion that the excited J7r=2+ levels have static

quadrupole moments different from zero, as is also explained by our calculations.

The approach, taking into account the explicit proton 2p-2h degrees of freedom

is able to give a good description of the very unusual EO and E2 decay from the

excitad J =0 states in doubly-even Sn nuclei with 112 < A < 118.

6.1.3. Study of coexistence in odd-mass nuclei

Together with J. Wood (Physics Department, Georgia Inst. of Technology)

and R.A. Meyer (Lawrence Livermore Lab., Livermore), we started to make a cohe-

rent study of coexistence and its manifestation in odd-mass nuclei, near closed

shells (+1, +3 nucleons). This study will concentrate on the theoretical basis

as well as on the specific realisation of coexistence throughout the nuclear

mass region. The manuscript is being prepared as a Physics Reports review paper.
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6.2._Study of the interacting boson model

6.2.1. The classical limit of the interacting boson model

(in collaboration with Jin-Quan Chen, Nanjing university, People's

Republic of China)

In a recent paper, Dieperink et al. proposed a technique for going

from an interacting boson model (IBM) Hamiltonian to a potential energy surface

in the collective variables 3 and y. The method is based on the coherent state

formalism and makes use of results and an algorithm developed by Gilmore and
2-3}

Feng . The purpose of deriving the classical limit of the IBM Hamiltonian,

is twofold. First of all, it bridges the gap between the IBM and the geometri-

cal models, formulated in terms of shape variables. Secondly, with this method

shape phase transitions between the three limits SU(5), SU(3) and 0(6) of the

IBM can be studied.

In their paper however, Dieperink et al. used simplified expressions

of the IBM Hamiltonian in the three limits. We propose a very simple method

for calculating the classical limit and, with this method, we are able to de-

rive the classical limit of the most general IBM Hamiltonian, as well as the

classical limit of the St;(5), SU(3) and 0(6) Hamiltonians, respectively. We

also consider the classical limit of cubic terms and its relation to triaxiali-

ty in nuclei.

As an illustration of this work, we show in Fig.6.3. a (|3,Y)-plot of
156 .

!US ^qo' assumlng a n exa<

(BtY)-plot of a specific cubic term.

the nucleus Gd.,( assuming an exact SU(3) symmetry. In fig.6.4, we show a

6.2.2. Additional degrees of freedom in the interacting boson model

(in coll. with F. Iachello (KVI, Groningen and Yale, VS) and A. Backlin

(Uppsala))

During the last decade, the interacting boson model (IBM) of Arima

and Iachello has been used to describe energies, electromagnetic transitions

and other proporties of low-lying collective states in even-even medium-mass

and heavy nuclei. The basic assumptions of this model are well known : (i) the
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Fiq.6.3. rig.6.4.

Potential energy surface for the SU{3) Potential energy surface of the cubic

nucleus 156Gdg2. The contour lines are term [ [ d V ] (2)d+](4)[ fdd] (2)d ] (4)

marked in keV. The energy units are arbitrary.

restriction to the L = 0 and the L = 2 degrees of freedom, through the formula-

tion of the model in terms of s- and d-bosons (ii) only excitations of the nu-

cleons in the valence shell are considered. Due to the assumption (i) and (ii),

we expect other states to appear, which cannot be formulated in terms of s- and

d-bosons alone.

Experimentally, such intruder states are indeed observed and can be

schematically divided into three classes, according to their microscopic na-

ture : (i) J =0 states or K^O bands, due to a subshell closure. In the IBM,

these states can be described by s1- and/or d'-bosons with an Hamiltonian,

which conserves total number of bosons

(ii) J =0 states or 1^=0 bands in nuclei near closed shells, due to

particle excitation through the shell closure. In the IBM, these states can

be described by s1- and/or d'-bosons with a boson number nonconserving Hamil-

tonian

(iii) Kïï=4 bands, with hexadecupole character. Such bands can be des-

cribed by coupling a g-state to the core of s- and d-bosons.
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1 CC

Considering an s'- and a g-boson, we have studied the nucleus Gd,

where experimentally an intruder K =0 band at 1168 keV and a K =4 band at

1511 keV is observed. In fig.6.5. we show the experimental energy spectrum,

taken from ref.4; in fig.6.6. we present the result of our calculation.

A crucial element of this study, is the mixing between the hexadecu-

pole system and the core. Since detailed E2 transition properties from the

J =4 and J =5 states to the ground-, $- and yhand are known , one can

probe the nature of this mixing. This in turn, will give an estimate of the

admixture of g-state in ground-, 8- and ykand, which is still a controversial

point of the IBfr . Also, the influence of the g-boson on the cutoff of the

B(E2) values in the groundband, another controversial point of the IBM, can be

studied.
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144 146 148
6.3. Projected BCS-studies : Application to Sm, Gd and Dy

The recent observation of a J =3 level as first excited state at 1579.5

keV in Gd came as a surprise, especially in view of the fact that the

other N = 82 isotones all have a J = 2 level as first excited state.
2)

In this work, we have performed projected quasi-particle calculations
144 146 148

for the isotones Sm, Gd and Dy, using a Gaussian form as residual

interaction and starting from the proton single particle spectrum, obtained by
3) ^

Chasman , for the Z > 64 mass region. The strength parameter V. and triplet

parameter t of the interaction were kept constant for all three nuclei (V„ =

- 35 MeV, t = 0.5) as well as the proton single-particle energies (E. = 0 . 0
MeV, e_. = 0.5 MeV, £_, = 2.4 MeV, £., = 2.4 MeV, E = 2.6 MeV).

2d 5/ 2 2d 3 / 2 lhn/2 3s 1 / 2

The detailed results of these calculations are shown in fig.6.8.

Good agreement is obtained, with experiment, especially for the positive pari-

ty levels. For the negative parity levels, some discrepancies occur for the

J.=3. and 5 levels. It can however, be argued that enlarging the model space
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in order to include more proton quasi-particle configurations as well as neu-

tron p-h excitations through the closed neutron N = 82 shell will lower these

particular collective states.The systematic "pushing up" of positive parity,

low spin states in Gd as compared with Sm and Dy points 'out the im-

portance of a proton sub-shell closure effect at Z = 64.

Further work on the electromagnetic decay proporties of low-lying levels
144 146 14R

in Sm, Gd and Dy is in progress.
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Fig.6.8.

Comparison of projected quasi-particle calculations and experimental data
144 146 148

in Sm, Gd and Dy. Theoretical results are represented by a solid

line. Experimental levels are marked explicitely.
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6.4. Shell model description of_collective_states near closed shells

(in coll. with J. Sau, IPN, Lyon)

6.4.1. ' Te : influence of the tensor Ml operator

134
In the study of Ml properties in Te, the necessity of incorporating

a tensor term g [r Y a s ] in the shell-model calculations clearly showed

up. In table 6.1., we show separately the allowed (g. j) and tensor Ml contribu-
134

tions for the most important and well known Ml transitions for Te. From this

table, and in order to give a good reproduction of known branching-ratios, a
1 2)

value of g =0.01 could be deduced '
P

Table 6.1.

s;

* <

- <

Allowed part

0.52

1.2

0.23

-0.06

Tensor part

11.2

10.6

-18.3

-4.22

The knowledge, obtained from the study of electromagnetic decay

properties in Te can be used to proceed to the more complex nucleus Te

with proton-2p neutron-2h excitations. Energy spectra were calculated using
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a quadrupole + octupole residual proton-neutron interaction . Moreover, a

very detailed study of Ml and E2 decay properties up to E = 3 MeV was car-
2) x

ried out . Special attention was given to the psec isomeric state, associated

with the J =10 level. Starting from these experimental values, it was possible

to determine a value for the neutron effective charge e e (lh ._) in Te.

6.4.2. ' Sn ; a shell-model study of heavy doubly-even Sn nuclei

In order to carry out in a fast way 4 particle (-hole)shell model cal-
4 5)culations, a new method starting from the Yutsis-Vanagas-Levinson ' diagramm

techniques was developped to derive 4 hole shell-model matrix elements

This method was used to carry out full shell-model calculations in

Sn nuclei. Besides energy spectra (fig.6.9), electromagnetic properties
128,130

• 128 1TQ
were also studied in detail.From experimental values of T. ..{10.) in '" Sn

(ref.7),the mass dependence of the neutron effective charge e 'lhii/2^ c o u l d

be studied.

30-

o 2 0 -

130Sn
EXPERIMENT THEORY

air

if-

2'-

10-

— f-
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Fig.6.9. The theoretical and experimental

level schemes up to E =4.5 MeV.

Experimental and theoretical halflifes

are also indicated on the level itself.

Dashed lines connect levels of similar

structure (assignments are made on the

basis of electromagnetic decay proper-

ties) .



The results thus obtained have been compared to purely macroscopic

calculations (collective quadrupole vibrationaX excitations) in order to find

a possible shell-model explanation for the built up of strong collective states.
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6.5. Microscogic nuclear structure calculations with Skyrme-like effective

nucleon-nucleon interactions

A Skyrme-like nucleon-nucleon interaction is introduced which is able

to cover at the same time many features of nuclear structure in a totally self-

consistent way : (i) ground state properties of finite nuclei throughout the

whole mass region (total binding energies, nucleon densities, rms charge radii,

etc.),

(il) nuclear matter quantities (binding energy per nucleon,

incompressibility,effective mass, Fermi moment, isospin symmetry energy),

(iii) description of the Landau-Migdal quasi-particle force

(extension of the theory of nuclear matter),

(iv) pairing correlations in finite nuclei,

(v) properties of excited states in finite nuclei.It implies

that the proposed interactions acts in a realistic way as :

- a particle-particle interaction

- a particle-hole interactions.

Schematically, the proposed interaction consists of a density indepen-

dent two-body part V (corresponding to the structure of the original Skyrme

force ), a density dependent two-body part (1-x )V and a three-body part
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x,WQ + W.. More details on the analytic structure and properties of the force

in time-reversal invariant nuclear systems are given in refs.2) and 3). Two

parametrisations SkE2 and SkE4 are restrained (table 6.2) corresponding to phe-

nomenological values for the nuclear matter quantities and yielding satisfying

groundstate properties of magic nuclei (table 6.3 - figure 6.10).

Table 6.2 : Parametrizations SkE2 and SkE4 of the proposed Skyrme-like interac-

tion. Sk'III represents Skill, being the best parametrisation of
4)the original Skyrme force , wherein the three-body force W is

2) °
replaced by a density dependent two-body foce V

SkE2

SkE4

Sk'III

-1299

-1263

-1128

.3

.1

.7

*

802

692

395

1

.4

.5

fc2

-67.

-83.

-95

9

8

fc3

19559

19059

14000

*4

-15809

-12259

0

0

0

0

xo

.27

.36

.45

wo

120

120

120

0

0

0

X3

.43

.265

E/fl(nuclear
matter) P m

SkE2

SkE4

Sk'III

200

250

356

- 16.0

- 16.0

- 15.9

1

1

1

.33

.31

.29

0.72

0.75

0.76

29.7

30.0

28.2

A powerful method for analysing the spin stability conditions of an

interaction is to relate the interaction to the quasi-particle force of Landau-

Migdal. This stability condition demands that each Landau-Migdal parameter be

larger than -(2L+1). The expressions of the Landau-Migdal parameter as a func-
2)

tion of vhe Skyrme parameters have been derived and their numerical values for

SkE2 and SkE4 given in table 6.4. An important observation is the large influ-

ence of the force fraction parameter x on the spin parameters G and G '. On

this parameter x the success of the proposed Skyrme-like interaction is based

in reproducing good particle-particle matrixelements. We point out the enormous

ressemblance with the values of the Landau-Migdal parameters obtained with the

Dl-force of Gogny , being a finite range force in contrast to the zero-range

character of the Skyrme-like forces.



Table 6.3 : Binding energies per nucleon E/A (MeV), proton (r ), neutron (r ) and charge rms radii (r )

of magic nuclei after self-consistent H.F. calculations

SkEl

SkE2

SkE3

SkE4

Exp

Skill

SkEl

SkE2

SkE3

SkE4

Exp

Skill

E/A

-7.95

-7.92

-7.93

-7.96

-7.98

-8.03

E/A

-8.64

-8.67

-8.68

-8.71

-8.71

-8.69

r

2.

2.

2.

2.

2

]

4

4

4

4

4

p

61

63

63

65

64

c

.17

.17

.20

.22

.26

16o

n

2.58

2.60

2.60

2.62

2.61

90„
Zr

rn

4.24

4.24

4.26

4.29

4.31

r
c

2.66

2.68

2.68

2.69

2.735)

2.70

r
c

4.21

4.21

4.24

4.26

4.278)

4.30

E/A

-8.56

-8.56

-8.56

-8.59

-8.55

-8.57

E/A

-8.36

-8.36

-8.34

-8.36

-8.36

-8.36

r

3.

3.

3.

3.

3.

3

]

4

4

4

4

4

40„
Ca

p

36

37

38

40

3 97)

41

r
n

3.31

3.31

3.33

3.35

3.36

1 3 2Sn

c

.62

.62

.65

.68

.73

rn

4.84

4.84

4.87
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Fig.6.10. Charge densities p for some magic nuclei.

Table 6.4. : Landau-Migdal parameters corresponding to SkE2, SkE4, Sk'III

(t =0, x =0), Dl ° ),B1 force of Boeker, Ska of KohierU)and a
12)

calculation of Sjöberg .

Sjöberg

Dl

SkE2(x =1)

SkE2(x3=0.43)

SkE4(x=l)

SkE4(x3=0.265)

Sk'III

BI

Ska

-0

-0

-0

-0

-0

-0

0

-0

-0

Fo
.373

.326

.346

.346

.122

.122

.299

.673

.266

I

0.562

0.632

0.

0.

0.

0.

0.

0.

0.

749

749

897

897

865

793

665

1

0

-0

0

-1

0

0

0

-0

Go
.021

.466

.894

.489

.276

.427

.052

.793

.015

C

0.

0.

-0.

0.

-0.

0.

0.

0.

0.

283

630

072

619

190

662

459

793

325

-0

-0

-0

-0

-0

-0

-0

-1

-1

Fl

.690

.990

.840

.840

.750

.750

.708

650

178

0

F;

.452

0.570

0

0

0

0

0

0

0

.468

.468

.480

.480

.489

.057

.547

0

Gl

.415

0.063

0

0

0

0

0

0

0

.468

.468

.480

.480

.489

.057

.547

0

0

0

0

0

0

0.

0.

0.

G'

.091

.342

.468

.468

480

480

489

057

547
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The ability of our proposed Skyrme interaction in producing realistic

particle-particle matrix elements is best visualised in figure 6.11, where the

complete self-consistently obtained low energy excitation spectra of nuclei;

differing in two nucleons from the double-closed magic character, are shown.

The behaviour as particle-hole interaction has been already reported in the prece-

ding annual report .

"o "c* Mc» «Ni "'T.»
Ex»

IMeVI,

5

SkE2
t

3

Fig.6.11. Experimental and theoretical spectra for nuclei with two-

particle configurations (outside closed shells).
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7. STUDY OF THE HYPERFINE INTERACTIONS IN Ni WITH MOSSBAUER SPECTROSCOPY

(R. Vandenberghe , E. De Grave , G. Robbrecht , R. van de Vijver en A.Deruytter)

The Laboratory for Magnetism (Dir. Prof.Dr.G. Robbrecht) is strongly

interessed in the study of the magnetic properties of and hyperfine interactions

in Ni-containing oxides and alloys. However, to apply MSssbaurer spectroscopy a

suitable ysource has to be available. This can be produced by the Ni(y,p) Co

reaction,wherein the residual nucleus decays by 8 emission to the 5/2 excited

state in Ni, as shown in fig.7.1.

UQ. 7.1 Ve.aa.y o;J 61Co to the 5/2" itatz [cut 67.40 feel/) In 61Nl.

The 67.4 keV y-transition is being used as the MOssbauer-resonance line. However

because of the relatively short half life of Co, allowing measuring periods

of maximum 3 hours, useful sources will have to be produced continuously. To test

this possibility, a number of test irradiations have been performed at the straight

on beam line, which is equipped with a fast rabbit system, of the linear electron

accelerator. As target material a Ni. gcCr
0 15 alloy was chosen; the nickel was

enriched to 98.7% in Ni. A 3 hour irradiation with a 60 MeV/50yA electron beam

on the bremsstrahlung converter seems to produce an adequate source intensity;

cooling of the target material during the irradiation is realized with the forced

air jet of the rabbit transport system. It shows that the temperature of the

sample can be kept well below 100°C.

* Laboratory for Magnetism - RUG.
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Study of collective bands in even-even Sn nuclei
K.Heyde, M.Waroquier, P.Van Isacker and H.Vincx

21. International Conference on Band Structure and Nuclear Dynamics
(28 February- 1 March 1980, New Orleans) • *
Microscopic particle-core coupling
J.Sau and K.Heyde

22. International Conference on Nuclear Physics (24-3O August 198O,
Berkeley)
The extended Skyrme force as a realistic p-h interaction:application
to double-closed shell nuclei **>o anc: 40
M.Waroquier, K.Heyde and D.Provoost

23. International Conference on Nuclear Physics(24-3O August 198O,
Berkeley)
Experimental and theoretical survey of the structure of In nuclei
R.A.Meyer, K.Heyde and W.B.Walters

24. International Conference on Nuclear Physics(24-30 August 1980,
Berkeley)
The O and 2 states in Cd
D.D.Warner, R.F.Casten, M.L.Stelts and K.Heyde

25. International Conference on Nuclear Physics(24-30 August 1980,
Berkeley)
The Ru and Pd isotopes in the proton-neutron interacting boson model
G.Puddu and P.Van Isacker

26. International Conference on Nuclear Physics(24-3O August 198O,
Berkeley)
Intruder states in the interacting boson model
P.Van Isacker

27. Algemene Wetenschappelijke vergadering van de BNV/SBP(29-3O mei 198O)
On a shell-model description of collective states
K.Heyde, M.Waroquier, G.Wenes, H.Vincx and J.Sau
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28. Algemene Wetenschappelijke vergadering van de BNV/SBP(29-30 mei 1980)
The Ru and Pd isotopes in IBA-2
P.Van Isacker and F.Iachello

29. Algemene Wetenschappelijke vergadering van de BNV/SBP(29-30 mei 1980)
Intruder states in the Interacting Boson model
P.Van Isacker and F.Iachello

30. Algemene Wetenschappelijke vergadering van de BNV/SBP(29-30 mei 1980)
Study of collective bands in even-even Sn nuclei
G.Wenes, K.Heyde, J.Van Maldeghem,M.Waroquier and H.Vinex

31. Algemene Wetenschappelijke vergadering van de BNV/SBP(20-30 mei 198O)
The extended Skyrme force as a realistic particle-hole interaction:
application to double-closed shell nuclei 160 and 4oCa
M.Waroquier, K.Heyde and D.Provoost

32. International Summer School on Nuclear Structure(12-23 August 1980,
Dronten)
On the structure of collective states in Z-50 nuclei
G.Wenes, K.Heyde, P.Van Isacker, M.Waroquier and H.Vincx

33. Interacting Boson-Fermion Workshop(12-19 June 1980)
Intruder states in the interacting boson model
P.Van Isacker

34. Interacting Boson-Fermion Workshop(12-19 June 198O)
A general formula for the classical limit of the interacting
boson Hamiltonian
J.Q.Chen and P.Van Isacker

35. Macroscopic and microscopic description of collective states near
(50,82)and(38,50)closed shells,16-17 januari 198O,Institut für Kern-
chemie,Mainz(D)
K.Heyde

36. New approach to particle-core coupling : application to heavy mass
Sb nuclei,18 februari 198O,Institut de Physique Nucléaire,Orsay(Fr)
K.Heyde

37. Shell-model approach to nuclear collective motion,4 maart 1980,
Lawrence Livermore Laboratories,Livermore(VS),
K.Heyde

38. Microscopic approach to particle-core coupling,15 april 198O
Kernfysisch Versneller Instituut,Groningen(NL)
K.Heyde
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39. Do we understand all low-lying collective states near the Z=5O
closed shell, 30 september 196O,Institut Laue-Langevin,Grenoble(Fr)
K.Heyde
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THESES 1980

E.Jacobs

Potofissie van U en U met 12,15,20,30 en 70 MeV remstraling
Proefschift Geaggregeerde voor het Hoger Onderwijs,Laboratorium Kernfysica,
Gent(1980)

E.Van Camp

Het(Y,p)reaktiemechanisme en de isospinsplitsing in de El-reuzenresonantie
van Ö*Y
Doctoraatsthesis R.U.Gent(1980)

COURSES

G. Eggermont (given at the University of Antwerp - UIA)
Programma Veiligheidskunde :
1. Inleiding tot de radioprotectie, 13 p
2. Actuele topics in de radioprotectie :

- De natuurlijke straling en het menselijk gebruik van ioniserende straling,
14 p.

- Effecten van lage doses straling, 17 p.
- De radioprotectie bij niet ioniserende straling, 2o p.
- De nucleaire splijtstofcyclus, 11 p.
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Personnel of the Nuclear Physics Laboratory :

A. Faculty :

Professor :

Senior Research Assistants

Research Assistant :

Deruytter A.

Dorikens, M.

Ferdinande, H.

Heyde, K.

De Clercq, A.

B. National Foundation for Scientific Research (NFWO), and Interuniversity

Institute for Nuclear Science (IIKW)

Senior Research Assistants

Research Assistants :

De Frenne, D.

Dorikens-Vanpraet, L.

Jacobs, E.

Kiesel, K.+

Van de Vyver, R.

Wagemans, C.

Waroquier, M.

Berkvens, P.

Coddens, G.

Cottens, E.

De Brabander, F.

D'hondt, P.

De Gelder, P.

Eggermont, G.

Janssens, A.

Kerkhove, E.

Mondelaers, W.

Proot, B.

Raes, F.

Ryckbosch, D.

Segers, D.

Thierens, H.

Van Camp, E.

Van Isacker, p.

Van Otten, P.

Vinex, H.

Wenes, G.

Deceased
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C. Visitors :

D. Technical Staff

Techn.Ing. :

Technicans

Secretary

Aksoy, A. (Adapazari, Turkey)

Mbungo Tsumbu (Zaire)

Buysse, J.

De Vilder, R.

Hoste, F.

Van den Bossche, K.

De Blaere, J.

Deleye, M.

De Schynckel, P.

De Smet, R.

Dupont, M.

Goede froot, A.

Pieters, L.

Schiettecatte, J.

Van Waerbeke, D.

Verspille, R.

Waerniers-Schepens, L.

Walgraeve, D.

Wiewauters, G.

Polfliet-Van Waeyenberge, B.

retired


