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60" (n,p)Fe??, Go>?(n,20)00%, Co®2(n,c)n >, N178(n,p)00” and N1°8(n,2n)N1>7
have been studied by an activation method from 12.5 to 21.0 MeV neutron
energy. A method of calibrating well type crystals to obtain absolute
efficiency is described. The results for absolute cross-sections obtained

by this method for the above reactions are compared with statistical model
calculations in which the nuclear trasmission coefficients have been de-

rived from an average optical potential extracted from the scattering data.
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1. Introducticn.

The neutron cross-section is a good test of the statisti-
cal theory of nuclear reactions. Unfortunately, due to the
crudeness of the model, it would not be possible in individual
cases to decide between the statistical model and other types of
reaction mechanisms. The best one could attempt to do is to
obtain an overall picture of the reaction mechanism by studying

a large number of nuclei.

Many cross-section measurements have already been  made
around 14 MeV neutron energy, the choice of this energy mainly
due the availability of intense neutron beams using Crockroft-

-Walton type accelerators.

Unfortunately the values of eross-section obtained around
14 MeV neutron energies by various laboratories are distressingly
inconsistent. The dispersion in the actual values are much
larger than the quoted experimental errors. In fig. 1 is shown
the results of these measurements for (n,p) reactions; this fig-
ure has been drawn on the basis of the recent compilation by
Gardner l. Fig. 2 shows a similar compilation for (n,«) feéctionsz
at 14 MeV. One can see from these two figures the amount of
discrepancy that exists among the various measurements. Further
#ery few absolute measurements have been perfdrmed as a function
of incident neutron energy. Most of the exeitation curves found

in the literature have been normalised to the 14 MeV data and

since the 14 MeV data are themselves so inconsistent, it is at



5

present not possible to make any detalled analysis of +the ap~
plicability of the statistical model to neutron induced reactions

in this energy region.

A programme of systematic study of absolute reaction cross-
-sections as a function of neutron energy would hence be  very
useful and has been initiated at Saclay. This paper gives the

first results of this programme.

2. Experimental Method.

o1. Irradiation: The samples to be irradiated were in the form
of cylinders of spectroscopically pure elements of dimensions
10.5 mﬁ in diameter and 49.5 mm long. The samples were mounted
on specially constructed holder such that the angle between the
axis of the sample and the beam direction could be adjusted to
better than 2°. The maximum error in the distance of the sample
from the target was of thé order of 1 mm. This arrangement al~
iowed up to eight samples to be irradiated simultaneously, with
ad jJacent samples subtending 20° at the target. The target was a
titanium-tritium disc with a thickness of about 1 mg/em™.

Deuteron from the Saclay Van de Graaff having energy of
4.2 MeV were focussed and collimated on to the target to a
diameter of around 1.5 mm. The beam current used during the
greater part of the experimental was of the order of 4 pA and
the target was cooled externally by compressed air. The samples

were positioned with theilr froht faces 87 mm froem the beam spot.



The peutron flux was monitored By a proton recoil spectro-
meter. This consisted of a pléstic seitillator 2.0 em in diameter
and 1.0 cm thickness mounted on an EMI 6097 phote-multiplier,
placed at a distance of 50 em from the target and subtending an
angle of 90° to the beam direction. The proton recnil spectrum
was recorded on a 256 chammel pulse<height analyser and the
resulting spectrum was analysed by the method of Schwartz and
Owen 3 to obtain the flux. The beam current was also integrated
to provide a check on target deterioration. No appreciable de-=

terioration was observed during the course of the experiment.

A schematic drawing of the irradiation geometry is shown
in fig. 3. In fig. 4 is shown a typilecal proton recoil spectrum
from the monitor. In table 1 is given the irradiationrtime for
each sample as well as the time before counting the activity was
commenced. In all céses except silicon; eight samples were ir-
radiated simultaneously and the neutron monitor counts were
recorded automatically every half hour. In the case of silicon,
due to the short lived activity of the reaction products, only
one sample was irradiated at a time, and runs were rejected in

which the beam current varied by more than 5%.

In the case of cobalt two different irradiation times were
necessary because it was very difficult to separate the 845 keV
gamma ray of the Cosg(n,aQMn56 reaction from the 79G keV  gamma
ray of the Cosg(n,Zn)0058 reaction. A short irradiation of about

two hours produced predominantly the (n;o reaction. The small



admixture of the (n, 2n) reaction was subtracted out by decay
curve analysis. On the other hand a long irradiation followed
by an interval of about a day and a half yielded only the
products of the Cosg(n, 2n)Co°8 and the ‘Ciosg(n,p)F‘es9 reactions.

A1l the reactions studied together with half-lives, gamma

ray energles and branching ratlios are indicated in table 2.

2.2. Counting: The samples were counted in a 4.4 cm X 5.1 em
NaI(T1l) erystal having a cylindrical well 1.3 cm in diameter
énd 4.01 cm deep. The irradiated samples were placed in a
plexiglass holder before counting in order to accurately position
the sample inside the well. This holder also served to absorb a
part of the unwanted beta activity that accompanies the gamma
rays. The external diameter of the cylindrieal holder was
slightly less than the well diameter and it was bored aloﬁg its
axis to the exact diameter of the samples, leaving an end thick
ness of 2 mm. The geometry is shown schematically in the inset

of fig. 3.

In order to caleculate the absolute cross~sections, one
must know the efficiency of the gamma spectrometer. The problem
of calculating theoretically the efficiency of a well type
crystal is formidable even for the case of a point source. For
an extended source, taking into account also the source absorp-
tion, the mathematical problem becomes impossible. In the presgent
case a further complication is introduced due to the varlation of

the intensity of the source along its length because of solid
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angle effects as well as'beam attenuation in the sample during

irradiation.

It was decided, because of the above mentioned difficulties,
to obtain an empirical measure cof the effective efficiency of
the crystal for the irradiated sources. A description of the

method as well as the results obtained are given in the appendix.

The pulses from the photomﬁltiplier were amplified by
conventional electronics and were recorded by a 256-channel
analyser. The entire spéctréméter was'surroundéd by 5 cm of lead
to reduce the background. The background with an  unirradiated
sample was measured ét fréquent intervalso It was found in most
cases to be less than a few percent of the counts under the
photopeak. The samples were measured in rotation to eliminate
any experimental errors and the decay was followed in most cases

to a few half-ljives,

The gamma spectra were anaiysed on the IBM 7090 at Saclay
as follows. The photopeaks were assumed to have a Ganssian
_shape while the Compton tails with the backgrounds ware assumed
to be given by a series of exponentials. The paramsters for mi-
ﬁimum number of exponentials needed were obtained by a least=
squares fit and by compariﬂg the x?o The area under the photo-

peak was then evaluated by the machine and the standard errors

were obtained by inverting the normal matrix.

The procedure for obtaining the absolute cross-section is

given in the appendix. As can be seen from eq. (A.5), one needs



also to know the angular distribution of the neutrens obtained
from the d(T.n)He® reaction., This was evaluated from the curves
given by Jarmie and Seagrave 40 The final cross-section is
quoted with errors obtained from (i) the estimation of the area
of the photopeak (ii) the errors in the absolute efficiency de=
termination of the crystal (1ii) the errors in the d(T,n)He®
angular distribution (iv) errors in the determination of abso-
ilute neutron flux. The maximum error in the energy of the

neutrons is of the order of 150 keV.

3. RBResults.

Bele Aluminium irradiation: Fig. 5 shows the cross-section for

the A127(ngoﬂNa24 reaction as obtained by us as well as by other
laboratories. It can be seen from the figure that there is
reasonable agreement in absolute cross~section measurement

amongst the various groups.

The solid line in the fipgure is the statistieal model
calculations of Mani and Melkanof?f 5° In these caleulations
the nuclear penetrabilities were obtained from an average optical
model potential extracted from the scattering data. For the
level density., the Cameron semi-empirical formula 6 was. used.
Pairing energy corrections were taken into account, the values
for the pairing energy being obtained from Cameron 6. Thus
there are no adjustable parameters in the calculation. Since

detailed results using this programme will be published S00n 4

we shall not give here the various parameters used. As can be
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seen from fig. 5, the theory fits the data energy well.

Since there is reasonable agreement in the values of the
A127{n,c$Na24 reaction amongst the various laboratories, we feel
that this reaction could be used as a standard against which
other reactions could be measured.

Z.2. Magnesium irradiation: In the case of magnesium, since we

24 ,etivity, our cross-section is the sum

measured the total Na
of the Mg24(n,p)Na24, Mgzs(n,d)Naz4 and Mgaé(n,t)NaZ4 reactions
weighted by the abundance of the respective magnesium isotope.

In fig. 6 are shown our resulis for this measurement together
with data from other laboratories. The agreement with other

workers 1s reasonably good.

The full line marked I in the figure is Mani and Melka-
noffis caleculation for Mg24(n3p)NaZ4 reaction. Curve II is their
result for Mgzs(n,d)NaZ4 reaction. The eross-section for
Mg26(n,t)Na24 was less than 10 mb in this energy region. The dot
ted curve ITI in the figure is the mean of curves I and II
weighted with the respective isotopic abundance. Since the
programme cannot in its present from yield the cross-section for
two particle emission, they could not estimate the cross=-sectlons

24 and the Mgas(n,pn)NaZ4 reactions. The

for the MgZ2(n,pn)Na
discrepancy at the higher energies may be due to the neglect of

the last two reactions.

3.3, Silicon irradiations Fig. 7 shows our results for the

,Sias(n,p)ﬂlzg reaction together with data from other sources. A
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part of the cross-section for this reaction would be due to the
Sizg(n,d)A128 and Si3o(n,t)A128 reactions but since the natural
abundance of 8129 and SiBO‘aré 4.7% and 3.1%, respectively, we
assume that within our errors; the_data quoted‘is mainly from
the Sizg(n,p)A128 reaction. The caleculations of Mani and Melka-
noff also support this vieﬁ. The full curve shown in fig. 7 is
their calculation for the Sizg(n,p)AIZB reaction and it agrees
fairly Qell with the experimeﬁt;

zﬁgx__Cobalt irradiation: Our résults.for Cosg(n,p)Fe59 reac-
tion are shown in fig. 8} The fuil line eufve in fig. 8 is the
calculétion of Mani and Meykahoff; ‘The agreement 1s not very
good. In fig. 9 are shown thé results of 0059(n,a)Mn56 reactlion
while the full curve in the'figﬁre 1s the statistical model
caleulation described above. The theory yields a cross-section
about four times less than the experimentai value. Since the
maximum experimental cross-section is only of the order of 20mb,
this discrepancy should not perhaps be takep too seriously. It
must be remarked here that the theory.does reproduce the large
difference in the crdss-séétien between the Cosg(n,p)Fe59
reaction (of the order 100 to 600 mb) and the Cosg(n,m)Mn56

reaction (of the order of 8 to 25 mb).

In fig. 10 we show our results for the Cosg(n,Zn)COS8
reaction. The radioactive nucleus Co°8 has an isomeric state
at 25 keV excitation energy having a half-life 7 of 9.2 hours.
This level decays entirely by integral transition to the



12

ground state which has a half=life of 71 4. . Since the samples
were counted a day and a half after irradiation, the results

~obtained by us are for the total (n,2n) eross-section.

3.5. Nickel irradiation: The results for Ni%8(n,p)co®®  re-
action are shown in fig. 11. As mentioned aboves; the cross-
-sections are for the total (n,p) reaction éoing to both  the
isomeric and the ground state. The full line in fig. 11 is
the theoretical estimate by Mani and Melkanoff. The agreement
is not very good. Further our cross~sections seem to be much
smaller than previously quoted values. We have not been able

to find the reason for this discrepancy.

We find a factor of five between the theoretical predic-
tion and our experiment. We think that this is due to shell
effects, since we find the same behaviour with cobalt also. A
similar discrepancy has been noted by Allan 8 around the Z =28
region of nucleides. Since the optical model potentlal does not
exhibit any strong behaviour in the closed shell regions, we
feel +that this discrepancy_may be mainly due to the inadequacy
'of the level density formula for these nuclei. It would be very
interesting to determine the cross-section for these nuclei for
much lower energles as well as to find if similar effects exist

for other closed shell nuclei.

The results for the Niég(n,np)0057+-Ni58(n,d)0057 +
+ Ni58(n,pn)0057 reactions are shown in fig. 12, In fig.l3 we
show the results of Ni®8(n,2n)Ni57 reaction. The caleulations
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of Mani and Melkanoff as mentioned earlier, cannot evaluate each
separate two particle emission eross-section but could yield only
the cross-sections for the sums of the reactionsiNiSB(n, np)0057+
+ N158(n,2n)N157 and Nisa(n,pn)0057 + N158(n,pp)F057. In fig.
12, the solid line I is their caleculation for Ni%8(n,pn)co5” +
+ N158(n,pp)Fe57° We have assumed that two proton emission 1is
1ess probable than neutron emission and hence this curve yields
the:cross—section for the (n,pn) reaction only. The curve marked
iI in fig. 13 is their results for the Nisg(n,d)Cos7 reaction.
The dotted curved III was obtained as follows. We subtracted the
experimental (n,2n) cross-section from their theoretical evalua-
tion of the (n,2n) + (n,np) cross-section and the result is plot
ted as curve III for the (n,np) reaction only. Curve IV in fig.
12 1s the addition of curves I - III to obtain the total (n,d)+
+ (nypn) + (n,np) cross-section. The agreement with experiment
s reasonably good. The full line in fig, 1% is the theoretical

estimate for the (n,2n) + (n,np) ecross-section.

In table 3 we give the results of all the eross-sections

measured in this work together with probable error.

The fact that in light and medium weight nuclei, the
statistical model explains reasonably well the trends in +the
neutron induced reaction cross-sections is indeed encouraging.
More work is needed, especially around the closed shell regions
and for heavier nuclei before_one could evaluate the reaction

mechanism involved in neutron induced reactlions.
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APPEND IX

In this appendix we give the equations that were nsed for
evaluating the absblute cross=section. Since the efficiency we
measured also included the absorption of the gamma rays in the
samples used in'the ngutron experiment, we define this as the

"effective! efficiency.

Let wM(t) be the flux at the monitor at time %, 6@(9) be
the number of neutrons per unit selid angle emerging in the
direction ® from the target; Qy be the solid angle of the
monitor with respect to the target which is assumed to be a
point source and 24(x) be the solid angle subtended by the
sample at the point x along its axis (see fig. 14). The flux
- $glxy ) at the point x in the sample at time t is given by

Pu() = o (0)) Quay} K T (¢) (4.1)

éASx

P, 1) = {op(0g) Q(x)/ag) K I (£ e (A.2)

_wWhere AM and AS are the cross=-sectional areas of the monitor and

the sample, respectively, 18 the mean free path of neutrons in



15

the sample, I(t) the beam current at time t, and K is the constant
of proportionality. The gquantities SM and 68 refer to the angles
the axis of the monitor and the sample have with the beam direction,
respectively. Here we assume that t = 0 at the commencement of
ipradiation. From (A.1) and (A.2) we get

¢%(x,t) = — Pyltle

Let T, be the total irradiatipn time, zg be the decay constant of

mlsx

(A.3)

the radiocactive nuclel produged in the reaction and Ng Dbe the total
number of nuclei in the sampje- Then we get for the total actlvity
at the end of irradiation time T, from the strip between X and

x + d x in the sample

i, T
] , ¥
A(s 3Toy) = oxlNg — e e & ¢ t)e & at
T 7 ag opley) Sy
0 (A.4)
Here Op is the cross-section for the reactions induced by the

neutrons. We assume here that the neutrons have unigue energy and
that the sample is composed of only one type of nuclei. The exten-
tion to more general case is straightforward.. If the counting of
the sample begins at t = T,+ Ty, and ends at t = T, + Ty + T then
the total number of counts one obtains under the photopeak of the

gamma energy L, is given by

v Tty
r -At

0 Tw
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A, on(84)
M “YT**S AT =i T =A T
= B ogg = ——— ¢ BT o BW (3., 8 c)ﬁlM
g Ao onl8,,)
S YTYM
2
+A t { mlsx
x v(tle & at dx Qq(x) e €(x, B.) . (A.5)
M S Y
J 0
Here Bg(Ey) denotes the fraction of the activity yielding  the
gamma ray of energy E, and can be obtained from the decay scheme.
The quantity €(x, EqJ is the absolute "effective" efficiency of
the well crystal for a disc source of diameter equal to the
sample diameter emitting gamma rays of energy Eo,; kept at a

distance x from the bottom of the well.

-AX
Due to the factor e S ,Qs(x) that oceurs in (A.5), the

sample does not have a uniform activity. Since €(x, E,) is a
function of the distance from the bottom of the welly; the way
in which the sample is placed in the erystal tecomes important.
In our experiment the face of the sample nearest to the target

was placed at the bottom of the well. The above definition of

X corresponds to this situation.

From (A.5) it is seen that one can obtain the absolute
eross=section, provided one knows how to evaluate Agy E(xy Ey)

as well as the integral

T’Y
+A t
F(Tﬁr)":J'“PM(t)e & at (A.6)
0

We give below the method we used for evaluating these three

gquantities.

The mean free path of neutrons in the sample depends upon
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the total cross-section for neutrons in the sample. If Op be

the total cross-section, then assuming good geometry

1

A :NS o-T

5 (4.7)
where Né is the number of atoms per cubic centimeter in the
sample. Since the nonelastic cross=section Shel is greater
than the elastic cross-section, Cop 2 Ve have assumed that

G'TQJJO'

el and for Ophe1 W€ Use the approximate formula

O oy (R + x)% (4.8)

The approximation (A.8) is justified since the beam at-

tenuation is very small, of the order of a few percent.

The quantity F(T,) defined in (A.6) was evaluated as fol
lows. For all cases except silicon irradiation, the monitor
counts was recorded every half-hour and over this period the
flux was assumed constant. If TM denotes this period and n

th

denotes the n such measurement yielding the number of monitor

counts Cn, then

(1-e & M : +nd_ T
F(Ty) = > _,C,e &1 (4.9)
v A n=1

Finally the effilciency factor €(x, E,) was derived as fol
lows. Several source holders were made from aluminium having
exactly the same diameter as the sample. Various radiocactive
sources were made by placing a drop of the appropriate solution
containing the source in the centreof the source holder., After

the solution had completely dried, the holders were sealed with
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their lids in position. The calibration was performed by count-
ing the sample in standard gecmetry with a 10.2cm X 10.2 em

NaI(Ti) crystal. This calibration was accurate to about + 15%.

) An unirradiated sample of each element studied was cut
into nine pieces., each 5 mm long and one piece 2 mm long. The
position of the standard source could then be varied in steps
of 5 mm along the depth of the well under conditions similar to
those in the experiment. The experimental arrangement is shown
in fig. 14. The efficiency &(x, E,) could then be obtained by

measuring the area under the photopeak.

Figs. 15 and 16 show curves of &€{x, E,) for cobalt and
aliminium absorbing samples as a function of x, the depth in
em from the bottom of the well for various values of gamma ray
energies, E,. Figs. 17 and 18 show values of &(x, E,) for
cobalt and aluminium samples as a function of En for various

‘values of x. The peculiar shape ¢f the low energy curves in
figs. 15 and 16 is due to sample absorption of gamma rayss end

effects as well as light absorption in the crystal.

Finally the integral
L

mlsx
J&x e E(x)4ﬂs(x)
0

was evaluated numerically.



TABLE T

Details regarding the irradiation

e e
Aluninium| 9.75 hrs |>27 min| 5 min | 81%7 (n,a)Na>
Magnesium | 12.3 hrs |>45 min| 5 min Mg%(n,p)Na?ju

Mg (n,d)Na 2 +

Mgzé{n ,t)Na'?A'
Silicon 5 min 1 min| 5 min Si2s(n,p)A128
Cobalt 2.0 hre [>40 min| 5 min 0059(n,qun56
Cobalt 12.25 hrs |» 48 hrs | variable Gosg(n,zn)Go5 8 and

Go?? (n ,p)li‘es9
Nickel 11.5 hrs |>30 min | variable K 8(1!15,1))0058

q
Ni58(n,2n)mi’7

19
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TABLIE 1T

Details regarding the reactions studied

- Gamma. energy | Q-value
Reaction Half life (keV) (MeV) Remarks
27 24 _
ALl (n,o)Na 15 hours | 1368, 2754 - 3,138 | We used only the 1368
keV gamme. ray.
Mg (n,p e | - 4783
Mg (n,a)e2é | 115 hours | 1368, 2754 | - 9,838 | ¥e used only the 1368
26 24 keV gamma ray
Mg™ (n,t)Na J ~14.693
Siag(n,P)ﬁl28 2.3 min 1780 ~ 3.866
Cosg(n,u)}dn% 2:576 hrs | 845,1810,2130 | + 0,305 | We used only the 845
keV gamma ray
Gosg(nﬂn)t‘-os8 71 days | 799,1664,863 | =10.502 | We used the 800 keV gam
ma ray. We observed anly
the ground state and not
the isomeric state.
o027 (n,p)Fe’? | 45 daye | 191,1098,1289 | = 0.780 | We used the 1098 keV gap
. ma ray
58 58 ~
¥i""(n,p)Co 71 days | 799,1664,863 |+ 0.365 | We used the 800 keV gam~
ma ray. We observed only
the ground state and not
the isomeric state.
¥i78(n,2n)Ni%7 | 36 hours | 128,1380,1910 | -11.935
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Figure Captions:

Fig. 1. Total cross-section for (n,p) reactions at 14 MeV neutron energy
obtained by various laboratories. The full line for each nucleus
is the total dispersion in the experimemtal values found in

literature.

Fig. 2. Totel oross-section for (n,~) reactions at 14 MeV neutron energy
obtained by various laboratories for A<150. The full line for
each nucleus represents the total dispersion in the experimental

values found in literature.

Pig. 3. Schematic drawing of the irradiation geometry. The inset  shows
the plexigiazs holder and a typical sample.

Fig. 4. A typical monitor proton reccil spectrum.
. . 27 24
Fig. 5. Total cross-section for the reaction A1’ (n,o)Na
b present work a Forbes 9
¢ Kumabe et al 10 + Mani et al 1
0O Yasumi 12 ¢ Grundl. et al 13
§7 Poularikas and Fink -+
5

The full line is from calculations of Mani and Melkanoff ~.

Fig. 6. Tobal cross-section for the reactien ngé(n,p)ﬁa24+-ngs(n,d)Na24+
+ ngé(npt)ﬁazdc

& Present data A Cohen and White =0

4 B, L. Gohen 1° ¢ Paul and Clarke 17

The curves 1, II and III are obtained from theoretical calcula-
tions of Mani and Melkanoff 5 and are explained in the text.
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Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig., 11,

Fig. 12.

Total cross-section for the reaction Siza(n,p)llzs.-

+ Present data ¢ Onhen and White 15

17 18

+ Paul and Glarke + Marion et al

¢ B, L. Cohen 16

Theé full line is the calculation of Mani and Melkanoff .

Total cross-section for the (.‘.059(11,1:))F359 reaction.

8 19

& Present date { Allen 4 Preiss and Pink

The full curve 1s the calculation of Mani and Melkanoff.

Total cross-section for the 005 9(n,o¢)Hn56 reaction.

& Present data } Howerton 20 % Paul and Clarke »/

The full curve is the calculation of Mani and Melkanoff.

58 reaction.

Total cross-—section for the 0059(n,2n)00
Total cross-section for the Ni>® (n,p)8058 reaction.

$ Present data $ Pulser and Titterton '

x Allen ° A Atten

O Preiss and Fink B

The full line is the calculation of Mani and Melkanoff.

Total cross-section for Niss(n,np) + Niss(n,d) + Niss(n

resction,

»pn)

22 19

+ Present data + Allen x Preiss and Fink

The curves I, II, III and IV are obtained from calculations of
Mani and Melkanoff and are explained in the text.
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Totsl cross-section for N;?B(nyzn)uis? reaction.
4 Present date ® Proies and Fink =
# Howerton 20 é Cohen 16

% Paul and Clarke 17

The full line is the theoretical estimais for the Niﬁs(n,zn)Ni57 +
+ Nisg(n,pn)cos7 reaction by Mani and Melkanoff.

Schematic drawing of the gxperimentsl disposition for determination
of efficliency and total cross-sectiom,

Absolute effective efficiemcy e(x, B,) for well type crystal as a
function of x; the distance from the dottom of the well, for various
gamaa energies. An alyminium absorbew was used.

Absolute effective efficisncy e(x, 51) for well type crystals as a
funetion of x, the distance from the dottom of the well, for various

gosma energies. Cobalt absorber was weed.

Abeolute effective efficiency ¢{x, E,) for well type crystals as a
function of E,, the gagma ray energy, for various values of x with
aluminium as absorber.

Absolute effective efficiency el(x, 37) for well type crystals as a
function of E,, the gamma ray energy; for variocus values of x, with
cobalt as absorber,

# % ®
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