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Represented results are based on using the 197Au(’y,’y’)197mAu reaction, the experimental integrated cross sections of

the isomer excitation through activation levels and the Monte-Carlo simulation method. It is shown that applying

of high-current electron accelerator (EA) with energy 8.7 MeV permits to determine the threshold of gold definition

in nature and technological materials > 0.1 g/t.

1. INTRODUCTION

Gold is a less-common metal. So it is necessary to
apply very susceptible methods having a high preci-
sion, efficiency and output for Au concentration to be
found in geological samples at searching, exploration
and mining. As an example of a successful decision of
this problem it can be pointed applying the gamma-
activation techniques for gold presence analysis in dif-
ferent materials. Two the most important reactions
used in these techniques are (v,n) and (v,7’) ones.

For example the reaction *7Au(y,n)'*6Au (half-
life of the "5Au T/ = 6.8 days) was used to de-
termine Au content in the Ukraine ores [1]. Acti-
vation was realized by bremsstrahlung photons. For
this purpose, it was used the linear EA (LEA) with
an energy range of 16...25 MeV, a mean current
I. = 0.1...1mA and an irradiation time (t;..) from
1 hour up to days. The threshold of Au determi-
nation 0.03...0.1 g/t is gotten for the most of ores
researched except the samples having high content of
Mn (>10%) where the threshold is below than 1-1.5
g/t. A mass of the probes irradiated is M, < 500 g.
The cooling time (t.) is generally 5 ... 10 hours. Out-
put of the method is ~ 50 samples per shift.

First experimental investigations [2-5], using
bremsstruhlung photons and %7 Au(y,7")!**"™ Au re-
action for elemental analysis of geological probes,
have showed principal opportunity of using high-
current EA for express-analysis of natural and tech-
nological materials for Au determination. Soon on
a base of the laboratory investigation results was
worked out and introduced into industrial exploita-
tion photonuclear analytical complex "AURA” [5].
For analysis is used LEA with energy E. = 8 MeV.
Sample weight is 500 g. Diameter of mixture particles
are 1 mm. Time of irradiation, cooling and measuring
(tm) — 15, 3 and 15 s respectively. Detecting system

consists of two monocrystalls NaJ(T1) 150 x 100 mm.
Above mentioned parameters provide the definition
threshold of Au 0.2...0.5 g/t in ores of different com-
position. Project complex productivity is 400 analy-
ses per shift.

In 1992 the systematic investigation into the pho-
toexcitation of isomers over wide mass ranges, includ-
ing Au, was studied [6] with the bremsstrahlung fa-
cility at the superconducting Darmstadt LEA. Ex-
citation functions were measured for the (v,")™ re-
actions populating the metastable states for energies
of 2...7TMeV and the important intermediate states
were identified. Simultaneously it was defined inte-
grated cross sections (o')7;,, of isomer '""™Au ex-
citation through intermediate (activated) levels E;.
Obtained experimental data gave the opportunity to
calculate a number of activated Au nuclei by new,
independent method.

In the present work, it is considered the possibil-
ity of applying the high-current EA for the express-
analysis of Au content in nature and technological
materials. Calculations were made taking into ac-
count existing experimental and theoretical investi-
gation results, measured energy of the activated lev-
els and integrated cross sections of isomer excitation
and achievements in optimization region.

2. WORKING PARAMETERS SELECTION

As it is known [5], a yield of the (v,7y’)™ reaction
increase with growing of the endpoint photon energy
(Eymas). So increasing of activated nuclei number
in (v,7")™ reaction can be obtained by increasing of
electron energy. However maximum E. must be lower
than the neutron emission threshold (g,,) of the exit
and dividing foils, converter, target and protection
materials as neutron appearance lead to a formation
of by-products radionuclides. Comparison of the &,
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E; - denote the activation level energy. The
quantity N(E;E,..q.) is calculated for individ-
ual geometry of irradiation by code GEANT3.21.
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Fig.3. Resonant photoexcitation mechanism by
which an isomer at energy of E;s, is populated
through the hatched states

Estimation of Ny is fulfilled with the statistics of
106, step size 10 keV and the experimental integrated
cross sections [6] given by Table. These cross sections
give the most contribution to gold isomer population.

According to Eq. (1), number of activated nuclei in
studied reaction °7Au(v,y)1°"™ Au is 7822.

Intermediate levels and integrated cross sections

E;, MeV | (6T);4,, (10729 cm? - keV)
1.70£0.30 70430
2.50+0.10 500450
3.20+0.15 45004500
4.2040.20 200004:4000

4. DETECTOR EFFICIENCY

To estimate number of <-quanta with F,
279.0 keV registered really by the y-spectrometer it is
need to introduce corrections for efficiency of the sys-
tem. The crystal NaJ(T1) 150 x 100 mm is considered
as the detector system. In the case, when only events
with total energy absorption are taken into account,
total efficiency is [10]:

(2)

Egeom 18 fraction of total number of photons, fly-
ing out in 47 angle, reaching a detector. £geom is
calculated by the Monte-Carlo simulation method.
The surface of crystal NaJ(Tl) is at 3 mm distance
from the probe surface. According to the calcula-
tion, 34.7% of y-quanta with £, = 279.0 keV reach
the crystal of 150 mm diameter.

Eabsorp takes into account of influence of interme-
diate materials that absorb a part of irradiation be-
fore photons reach the detector.

Etot = Egeom * Eabsorp * Esample " Eevent -

Eabsorp — €$p(— Z/‘Ll C P Zlfi), (3)

where p;-, p;- and x; are the mass absorption coeffi-
cient, density and thickness of i-th intermediate ma-
terial, respectively. To reach the detector a photon
with energy of 279.0 keV is to go through the Al foil
of 1 mm thickness, 1 mm polyethylene and Imm air
layer. Coefficients of mass weakening and materials
density were found in [11].

Esample 1S a part of y-quanta irradiated by the
sample. According to [10]:

1 —exp(—p-p-z)
pop-z

where p-, p- and x are the mass absorption coefficient,
density and thickness of material, respectively.

In this work, it is considered that the mixture
of y-emitting element with sample matrix elements
is uniform and homogeneous enough with respect to
composition and density. Besides particles emitting
photons are small, so self-attenuation inside a sin-
gle particle is negligibly small. These requirements
secure the linear attenuation coefficient has a single
value in a large enough range and it can be used for
calculation. Estimation of €g4mpie is fulfilled with the
mass absorption coefficient and density taken for the
Si09 chemical compound [11].

Eevent 18 & probability that y-quant reaching de-
tector contributes a pulse to a total absorption peak.
This correction was obtained from expression (41)
[12] for a spot radiation source, disposed at the axis
of crystal.

(4)

Esample =

5. DISCUSSION

Known number of activated nuclei Ny per-
mits to estimate number of real photons regis-
tered by the ~-spectrometer within a photopeak
area (S,). Upon that it is need to introduce cor-
rections [7] taking account of nuclei decay dur-
ing irradiation time 1 —exp(—A\-t;..) = 0.76, cool-
ing time exp(—A-t.) =0.76 and measuring time
1 —exp(—X\-t,) = 0.82. Besides, it is necessary to
introduce a correction connected with intensity of -
line I, = 0.71, to take into account the detector total
efficiency €4, = 0.144 and the dependence on the de-
cay constant A = 0.693/T} ;o = 0.0897.

Thus, in above mentioned geometry of equipment
arrangement and EA parameters, number of photons
with energy 279.0keV, registered by the detector
after finishing irradiation of sample with gold con-
centration 1ppm, is equal 4740. Obtained number
of «v-quanta indicates that applying EA with energy
8.7 MeV permits for one exposure of 16 s duration
at 1mA current to determine the threshold of gold
definition > 0.1g/t (S, ~ 474). If it is need one can
extract the Au concentration ~ 1g/t in sample re-
ducing current up to 50 uA (S, ~ 237). Obtained
results are in agreement with data [4,5].

The threshold of Au definition can be made bet-
ter if to increase a probe mass up to 500¢, set up
two NaJ(T1) detectors on the opposite sides of sam-
ple or apply semiconductor detector from high purity
germanium with a large sensitive volume.
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HE3ABUCHUMBII METO/, OIIPEJEJIEHUS Au B PABJINYHBIX MATEPUAJIAX C
IIPUMEHEHUWEM (v,+)"- PEAKIIUU

C.H. Agarnacves, 9.JI. Kynaennuros, B.B. Kpacusvruros

IIpencTaBaeHHbIe PesyILTATLI OCHOBAHEI Ha, Heronbzosanmi 27 Au(y,y’) 7" Au-peaxmm, sKcrepiMenTaTb-
HBIX WHTETPAJIBHBIX CedeHnil BO3OYKIeHNsT H30MEPOB Yepe3 YPOBHU aKTUBAIMNA U MOJETHPOBAHUS METOIOM
Momntre-Kapio. I[lokazano, 94To npuMeHeHre MOITHOTO YCKOPUTE IS 9JEKTPOHOB ¢ sueprueit 8.7 MsB obecre-
4yuBaer mpeges oOHapyKEeHUs 30/10Ta B MPUPOJHBIX U TeXHOJ0rndeckux marepuajiax > 0.1 v/t

HE3AJIEXKHU METO/J, BUSHAYEHHS Au YV PI3HUX MATEPIAJIAX 3
BUKOPUCTAHHAM (v,~')"- PEAKIIIL

C.M. Adarnacves, E.JI. Kynaennuxos, B.B. Kpacuavruros

IlpencTaBeni pesybTaTi 3acHOBaH Ha BHKopucTamHi 97 Au(y,y") 9" Au-peakiiii, ekcreprMeHTATBHIX iH-
TerpajbHUAX TEPEPiziB 30yMKeHHs 130MepiB Yepe3 piBHI axkTHBaIil 1 MojeoBanHd MeTonoM MonTe-Kapimo.
ITokazano, MO 3aCTOCYBaHHS MOTYTHBOTO IPUCKOPIOBAYa €JIEKTPOHIB 3 eHepricto 8.7 MeB zabezneuye mexy
BUSIBJIEHHSI 30JI0T Y MIPUPOAHUX | TEXHOJIOrYHIX Marepiaiax > 0.1 r/r.



