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ENERGY SPECTRA AND YIELDS OF LIGHT NUCLEI FROM
TERNARY FISSION

Measurements (Fig. 1) show that the energy distributions of various

light nuclei are adequately approximated by normal distributions and can

therefore be characterized by two parameters - the most probable energy E

and the full width at the half-maximum of the distribution F.

The energy spectrum is usually measured in experiments within the

limits E . - E . Below this, the light nucleus yield obtained within
min max ° _

these limits is denoted by YA« Knowing the spectrum parameters E and F,

it is possible by extrapolation to determine the total Gaussian area from

the value YA and thus obtain the extrapolated yield of particular

particles (Y). The Y values are usually normalized to the ternary fission

a -particle yield.

Sometimes, when the values E and F are not known (for example, when

the total isotopic yield for a particular light element is measured [15]),

authors extrapolate to the low-energy region on the basis of the experi-

mental spectrum available.

Tables 1-5 provide data on the measurement of the energy spectra and
233 235

yields of light nuclei from the thermal neutron fission of U, U,
239,, . 242, m , , c. 252_c

Pu and Am and the spontaneous fission of Cf. These data were

obtained by the AE-E method or a magnetic mass spectrometry method with

time-of-flight and energy determination and were taken from Refs [4-15],
4

The light nucleus yields are normalized by a factor equal to 10 times
the number of a-particles from ternary fission.

Let us first examine the data on thermal-neutron-induced ternary

fission (Tables 1-4), from which it can be seen that the energy spectrum

parameters obtained by different methods are in satisfactory agreement.

The same can be said of the light nucleus yields, although here there is

some divergence. For example, Table 2 shows that the C, N and 0 yields

obtained in Ref. [6] exceed corresponding yields found in Ref. [8].
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For the above reasons, the results of Ref. [6] are considered to be too

high since they do not take into account the possible recoil nucleus

background. The same discrepancy is observed in the C nucleus yield

results obtained in Refs [10, 11] (see Table 3). Clearly, it is for

the same reason that a significant fluorine nucleus yield was found in

Ref. [10], whereas no fluorine nuclei were discovered in Ref. [11].

Energy spectrum and yield parameter measurements (the yields are

given per fission event) are presented graphically in Figs [2-6], as a

function of the light nucleus mass number (Figs 2 and 4) and of the para-
2

meter characterizing the fissile nucleus, Z /A (Figs 3 and 5). Figure 6
2

shows the yields of the light elements formed as a function of Z /A of the

fissile nucleus. It can be seen from the graphs that the data for the

c 233,r 235,r 2 3 9r, A 2 4 2 A m

thermal neutron ternary fission of U, U, Pu and Am are
fairly similar in character and that they are strongly dependent on Z

2
and A of the light nucleus and slightly dependent on Z /A parameter of

the fissile nucleus.

For practical application, the energy spectrum parameters and yield

values obtained by the magnetic mass spectrometry method with time-of-

flight and energy determination can be recommended in view of the

advantages of the method indicated above and also the fact that results
233 235 239

for the four thermal-neutron-induced fissile nuclei ( U, U, Pu,
2 4 2 , n u i . i , , , J

Am ) were obtained by this method.

252
The data on ternary fission of Cf are somewhat scantier. They

were obtained by the AE-E method (Table 5). The energy spectrum para-

meters were measured by Cosper et al. in Ref. [12] (data on the H

spectrum were also obtained in Ref. [14]), only for the H and He isotopes.

In addition, some results are available for the total Li, Be and C

isotope spectrum parameters (from Refs [12] and [15]). The values E

and F for H and He isotopes in Ref. [12] are indicated in Figs 2 and 3.

Comparing them with corresponding results obtained for thermal neutron

fission, we can conclude that the data given in Ref. [12] seem to be

entirely satisfactory.

The values E and F for H from Ref. [14] are preferred, since they

are more accurate and do not clash with the data in Ref. [12].
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Table 5 contains the yield measurement results from Ref. [13].

The authors did not extrapolate the yields and indicate the yield only

in the measured energy region. Using the energy spectrum parameters

obtained in Ref. [12], we extrapolated the YA values from Ref. [13] for
• t o o / : Q -I

H, H, H, He and He (for H the spectrum parameters were taken from

Ref. [14]). The Y values obtained through this extrapolation are given

in the Table. They agree with the data in Ref. [12] for all nuclei

except He. A comparison of light nucleus yields from the spontaneous
252

fission of Cf with the yields from thermal-neutron-induced fission

(see Figs 4 and 5) clearly shows that the value for He obtained in

Ref. [12] is preferable. Further, Whetstone and Thomas from the same

group - Ref. [16] - obtained in earlier work a yield value (Y( He)

= 240 _+ 50) which, although having less statistical accuracy, was closer

to the value obtained in Ref. [12].

The H and He isotope yield data recommended for use are those

obtained in Ref. [12], while for H the more accurate result from

Ref. [14] is recommended.

Overall yields for Li and Be isotopes were obtained in Refs [12, 15],

but the results of these papers vary significantly. It is our assump-

tion that in Ref. [12] the overall energy spectrum parameters were incor-

rectly determined and that the yield extrapolation result could therefore

be wrong. In particular, the authors of Ref. [13] express doubts

regarding the most probable energy values for the overall Li and Be spectra

determined in Ref. [12]. Moreover, Fig. 6 shows that the data in

Ref. [15] on Li, Be, B and C yields reflect better the nature of the rise
2

in light element yields as the fissile nucleus parameter Z /A increases,

and are more reliable.

In order to evaluate the accuracy of the results for the extrapolated

total Li, Be and C isotope yields, it is necessary to know their energy

spectrum parameters.

On the basis of the similarity between data on light nucleus energy

spectra and yields from thermal neutron fission and corresponding experi-
252

mental results available for Cf (see Figs 2, 3), it can be assumed
252

that the Cf ternary fission process does not differ from thermal-

neutron ternary fission and that, accordingly, the E and F parameters
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for light nuclei with Z > 2 created by the spontaneous fission of
252

Cf should not differ greatly from the parameters obtained in thermal
neutron fission.

Those E and F pairs (see Tables 6, 6A, 7 and 8) which should give

the maximum and minimum extrapolated yield values for light isotopes
252

generated by the spontaneous fission of Cf (no data are available

on E and F for the C spectrum so the C spectrum parameters were

used) were selected from the set of data available for the spectrum

parameters for each of the light isotopes Li, Be and C.

In addition, we must know the isotope yield ratio for each of the

elements of interest to us (Li, Be and C). Figure 4 shows that these

ratios remain virtually unchanged for each of the fissile nuclei (see
240

also Fig. 5). The isotope yield ratios from Pu fission data

(see Table 6) were used for the evaluations carried out.

Thus, using the selected E and F values, the isotope yield ratios

and the results for the total Li, Be and C yields between E . and
m m

E that were obtained in Refs [12, 13], we evaluated the possiblemax r

range of yields of light nuclei with A > 2 from the spontaneous fission
252

of Cf (see Tables 6, 6A, 7 and 8). In Fig. 4, this range is
9 10 14

indicated by the hatching. The extrapolated Li, Be and C isotope

yields obtained from the data in Ref. 15 and from the yield ratios
240

taken by us for light isotopes created in Pu fission are also

indicated here. We can see that the results of Ref. [15] agree

reasonably well with those of Refs [12, 13] within the limits of

existing uncertainties.

The following might also serve as evidence of the accuracy of the

evaluations. There are two empirical regularities satisfied for each

of
14,
of the fissile nuclei that can be noted in Fig. 4: (a) He, Be and

C yields are exponentially dependent on the A values which correspond
9 9

to them; (b) the Li yield is close in size to that of Be. The
10 14 252

evaluations obtained for the Be and C yields for Cf fully
9

satisfy regularity (a). The Li yield, however, seems to be a little

too high and, in order to satisfy (b), we can assume that the range

of values obtained for the Li isotope yields should be lowered to

some extent.
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In order to see the degree of agreement between the B isotope yield

results of Refs [13] and [15], we must try to obtain the extrapolated value

of the total B isotope yield from the value YA from Ref. [13]. But, the

yield of B isotopes is low and their energy spectrum parameters are unknown.

For a rough evaluation we can assume that, with the parameters E = F, the

overall energy spectrum for B isotopes is Gaussian, which corresponds to
4

the energy distributions of ternary fission light particles (except He)

(see Fig. 3). The data in Ref. [13] agree with those in Ref. [15] for

the value E = F = 19 MeV. A value of this kind for the most probable

energy and width of the overall B isotope energy spectrum is very probable

(see Figs 2 and 3 and also the B energy spectrum in Ref. [15]). The other

value for YA , obtained at a lower E . , gives too high an extrapolated

yield for B, a fact which the authors of Ref. [13] also assumed.

The yields of light nuclei with Z > 2 from the spontaneous fission of
252

Cf obtained on the basis of the evaluations mentioned above are shown
in Fig. 5 (see black circles on the graph).

The ternary fission of nuclei other than those shown in Tables 1-5

have been studied to a much lesser extent. Table 9 gives the energy

spectrum parameters of a-particles generated in the fission of a few nuclei.

The results were obtained by the photoemulsion method [17-19].

In conclusion, it should be pointed out that to compare the ternary

fission process for different nuclei, it is important to know the proba-

bility of the formation of light nuclei in ternary fission as opposed to

binary fission. Tables 1-5 show the ratio of their yield to that of the

a particles. Data are therefore required on the fission yields of ot-

particles, and this topic is dealt with in the next section.

a-PARTICLE YIELD FROM TERNARY FISSION

The ratio of the yield of ternary as opposed to binary fission for

various fissile nuclei has been measured frequently, but the results for

the same nucleus have sometimes diverged by a figure greater than the

measurement error.

Authors generally indicate only the statistical measurement errors

despite the fact that there are a number of other sources of additional
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error: for example, (a) no separation of particles according to mass and

charge; (b) different methods used for different fissile nuclei; (c) the

shape of the ot-particle energy spectrum is not well known; (d) uncertain-

ties in allowing for the background in the soft region of the a-particle

spectrum.

233
The a-particle yield from the thermal-neutron-induced fission of U,

235 239 252

U, Pu and the spontaneous fission of Cf has been measured most

frequently. We have selected from the literature available those papers

which we consider best satisfy the requirements of accuracy [20-24]. The

data are given in Table 10.

The measurement accuracy of the a-particle yield from binary fission

depends largely on the method used to extrapolate the a-particle energy

spectrum to the energy region below the registration threshold. It is

normally assumed that the energy distribution of o-particles from ternary

fission is Gaussian. This extrapolation method was used in Ref. [22],

for example (Table 10). However, the a-particle spectrum from the spon-
252

taneous fission of Cf measured in Ref. [25] is asymmetric. Similar

a-particle spectra were also obtained in Ref. [20], where the results for

the total a-particle yield were obtained by extrapolation (see Table 10).

Table 10 also shows the a-particle yields obtained in Ref. [21] by

means of a AE-E semiconductor telescope. Possible systematic and non-

systematic errors were studied. The data in Table 10 from Ref. [21]

regarding the a-particle yield were arrived at by extrapolating the shape

of the spectrum from the Gaussian. It seems that this extrapolation

method will remain the most suitable until total energy and angular dis-

tributions for ternary fission a-particles are obtained.

There are also a large number of measurement results for the yield

from ternary fission versus that of binary fission for other fissile

nuclei, and at different excitation energies [26-35]. These data are

generally less accurate than those in Table 10. None the less, it is

worthwhile to try to systematize the results available in order to

obtain information regarding the dependence of the ternary fission yield

value on various fissile nucleus parameters. Finding this dependence
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could provide some information on the nature of ternary fission and enable

us to predict the yield value of nuclei not yet studied. Several attempts

have been made to find this dependence [2, 26-29, 36] and the result of

another such attempt is shown in Fig. 7 [24], where the probability of the

creation of a-particles in ternary fission is compared with the logarithm

of the a-decay half-life of the original nucleus from the ground state.

The main difficulty in systematizing the data lies in assessing the

reliability of existing results. The results of Ref. [21] for the yield
233 235

measurement of a-particles from the thermal neutron fission of U, U
239 252

and Pu and the spontaneous fission of Cf (see Table 10) were used

to determine the parameters of the relationship Y(bin)/Y(a) = F(lg T^a)

(where Y(a) is the a-particle yield from ternary fission, Y(bin.) is the

binary fission yield and T^a is the a-decay half-life of the original

nucleus from the ground state). This relationship proved to be close to

linear:

Yt(bin.) . p j P (1)

where k = 40.0 -H 2.5 and b = 15 -t- 31. The parameters k and b were obtained
~ 2

using the least squares method where x = 0.65. The values lg T, a were
i>

calculated using the polyempirical relation from Ref. [37] and atomic

nucleus mass tables [38],

How far does the relationship obtained agree with the data from other

papers? The a-particle yield measurement results were taken from Refs [16,

20-22, 26,- 30-34] for purposes of comparison (see Table 11). In those

papers where ternary fission light nuclei were not divided according to A

and Z, the experimental data were taken as equal to the total ternary fis-

sion yield value. In the case of nuclei where the ratio of the a-particle

yield to that of all light nuclei was not known, the ratio was taken as 0.9.

In a number of papers [26, 31, 35], it was shown that the a-particle

yield in induced fission does not depend on the excitation energy of the

original nucleus, and the data in Table 11 also show this. The results for
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each individual compound nucleus were statistically averaged on this basis

(see Table 11). With this method, the individual results for several

nuclei proved to deviate considerably from the average value and were not

therefore taken into account in the averaging process (in all, four points

out of 48 were excluded, but not more than one per nucleus). Figure 7

shows the average values obtained for ot-particle yields from the fission

of various nuclei, together with the data from Ref. [21].

Table 11 also shows the cx-particle yield values calculated from

relationship (1).

Bearing it in mind that, in addition to statistical error, the a-

particle yield measurement results for ternary fission contain a number of

other uncertainties [21], we can take it that the assumed empirical depen-

dence (1) is in satisfactory agreement with most of the available data.

Data on the ct-particle yield from the thermal neutron ternary fission

of Am were obtained from relationship (1) (see Table 10).

To summarize, it proved possible to give the light nucleus yields from
u u i c- • c 233TT 235IT 239D , 242. m .. ,
the thermal neutron fission of U, U, Pu and Am as well as from

252
the spontaneous fission of Cf per fission event (see Table 12). This

was done on the basis of the recommendations mentioned above, which were

obtained from the data in Tables 1-5 and 10, and also from the evaluations

discussed above of the yield values of light nuclei with Z > 2 in the
252

spontaneous fission of Cf.

YIELD OF NUCLEI HEAVIER THAN °0 FROM TERNARY FISSION

20
It follows from Tables 2 and 3 that 0 is the heaviest nucleus which

can be reliably observed in ternary fission, the yield of these nuclei

being ~10 per fission event. However, there are a number of experimental

papers [39, 40] in which the light nucleus yield is determined in the mass

range 20-60 and Y ~ 10 -10 . One fact stands out when we examine the

results of these measurements: measurement methods which do not identify

the charge and mass of the light nuclei give a probability of 10 -10

for these events, whereas techniques which accurately identify the Z and A

parameters of the nucleus give a probability several orders of magnitude

lower. One such example is Ref. [4l], where a radiochemical analysis of
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235
the products of the thermal neutron fission of U was carried out in

order to determine the Ar isotopes in them. The upper limit for their yield
_9

was established as <10 The Ne and Ar isotope yield in the same

reaction was studied by the mass spectrometry method [42] and here, too,

only the upper limits for the occurrence of these nuclei in fission were

obtained ( ~10~ 6-10~ 1 0).

Normally, the search for fission products in this mass range is linked

with the theory of the existence of true ternary fission. The ternary
r\ O Q

fission of U by He ions at an excitation energy of 20-120 MeV was

examined in Ref. [43]. Light fragments from true ternary fission were

identified, and it was shown that at excitation energies below 20 MeV the

probability of this process drops off sharply. We therefore doubt the

existence of this process at low excitation energies (spontaneous fission

and thermal neutron fission) and attribute the higher yield for events of

this type discovered in some studies to the contribution of recoil nuclei

which arise through the collision of fission fragments with light nuclei

of the target material.

In Ref. [ll] the question of the existence of true ternary fission was

studied experimentally using a magnetic mass spectrometry method with time-

of-flight and energy determination (MMSTED). The thermal neutron fission
239

of Pu was analysed. In the range 2 = 9-26 and A = 19-60, a number of

events were registered which made it possible to evaluate only the upper

probability limit for the creation of these nuclei in fission. The

presence of these events, however, can be explained by the scattering of heavy

fragments by the light nuclei of the target material. Table 13 contains

data on the yield of various elements created in the thermal neutron ternary
235 239

fission of U and Pu.

In this paper, therefore, we have presented the most reliable results

known to us for the energy spectra and yield measurements of light nuclei
233 235 239

created in the thermal neutron ternary fission of U, U, Pu and

Am and the spontaneous fission of Cf, as well as individual results

for the fission of certain other heavy nuclei. A number of characteristic

empirical regularities in the energy spectra and yields of light nuclei from

ternary fission have been indicated. Evaluations of the yield of light

nuclei from fission were made on the basis of these.
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Ene rgy , MeV

10 20 >0

Fig. 1. Energy spectra of light nuclei created in the thermal-neutron
239

fission of Pu [11] (MMSTED method). Results are approximated

by normal distributions.
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Dependence of the most probable energies of light nuclei created
233 235 239

in the thermal neutron fission of U, U, Pu and
O / O A FA

Am [4, 8, 11] and the spontaneous fission of Cf [12] on

their mass number.

2 3 3
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c v. i 2 3 3,, 2 3 5,T n 2 3 9

D n 2 4 2 A m 2 5 2 ^ *Symbols: • - U , o - U , V - Pu, P - Am , x - Cf;

the continuous lines link the isotopes and even Z values; the dashed

lines link the isotopes and odd Z values. Measurement errors are
235

given only for U.
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8 10 12 14 16 18 20 A

F iS- 4- Dependence of the yields of light nuclei created by the thermal

[4, 8, 11] andneutron fission of U233TI 235,, 239

252.
U, Pu and 242

spontaneous fission of ^Cf ([12, 15] and results of the present

work) on their mass number.

Symbols: . - 2 3 3U, o - 2 3 5U, v - 2 3 9Pu, Q - 2 4 V \ x - 2 5 2
C f .

9 is the Li, Be, C yield from the spontaneous fission of 252Cf

(from the results of Ref. [15]). The hatching denotes the range

of yield values for the Li, Be and C isotopes evaluated in this paper

Measurement errors are given only for U.
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ct-particle yield from the ternary fission of various nuclei as a

function of the logarithm of the a-decay half-life of the original

(fissile) nucleus from the ground state.

The black circles represent data from Ref. [21], the white ones

represent the results averaged over the data from Refs [18, 20,

22, 26, 30-34] (see Table 11). The straight line was calculated

using the least squares method to pass through the black circles.
232

The T, values are given in seconds. The result for Pu is taken from
238

Ref. [24]. The yield for Np includes the data from the present work.
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Table 1

Energy spectrum and relative yield parameters for light nuclei
from the thermal neutron fission of 233

%

1 Q

6Li
7U
8 U
9 U
7Be
9Be

I0Be
nBe

MeV

5t&flb,3

4,Of11,0

I0,0f34,0

3,0T33,2

2,7-18,6

6,6fI4,8

II,Of32,0

II,0f30,4

II,Of26,0

11,8*22,0

20,0+44,0

I7,6f30,3

6,4f25,6

21,0430,0

i

8,

8,

16

II

9,
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E,
^eV
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4+0,2

,3+0,1

,5+0,2

7+0,3

-

,8+0,3

,4+0,5

.0+1,0

-

-

,0+0,4

-

F,
MsV

6,3+0,3

6,5+0,3

9,7+0,2
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-
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10,6+0,8

11,0+1,5

-

-
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—

Tft4 4TT
per i U u e

134,0+1,7

360+16

40,1

(1,05+0,02)
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^0,05

2,7+0,2

1,3+0,2

1,6+0,3

4 0,01
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36,0+2,5

0,3
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|4I+2

460+2C

j I O 4

! 137+7

3,6+0,

-
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-
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-
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Table 2

Energy spectrum and relative yield parameters for light nuclei
from the thermal neutron fission of 2 3 %

1,

h
2H
2H

%

-"-

1

1 ~ "~

1 (+

Tie

6Li

1

8Li
9 U

Li

Li

Li
7Be

he
9Be

I0Be
n B e
K Be

E — E
• i n " " B *i

MeV

4.5*17

5,5+17

-

6fI7
i

—

12+32

-

12,8+30

-

-

-

-

-

>II,0

>II,5

-

>I5

-

-

-

ifeV

8,6+0,3

7.9+.0.3

8,6+0,15

8,6+0,3

8,2+0,15

—

15,7+0,3

15,9+0,1

12,9+0,5*}

11,3+0,15

9,3+0,25

-

15,1+0,3

13,8+0,4

11,3+0,4

-

-

-

-

* —

17,5+0,4

17,7+0,4

I5,9±0,8

12,0+1,5

MeV

6,9+0,5

7,0+1,0

7,1+0,2

6,7+0,6

6,5+0,2

—

9,8+0,4

9,8+0,1

8,7+0,7K)

10,8+0,4

8,9+0,6

-

13,3+0,6

11,0+1,3

11,5+1,6

-

-

—

-

—

12,9+0,9

16,1+0,6

15,3+2,3

15,8+2,7

per IO4 Tie

-

-

- 1

. 60,01

_

_

0,05+0,02

-

-

-

-

6,3+0,4

-

0,01

2,4+1,0

-

•

-

Y 4 4
per 10 Tie

115+15

50+10

50+2

620+50

720+30

—

IO4

IO4

110+20*}

I9I+8

8,2+0,6

-

4,1+0,3

1,8+0,3

3,0+0,4

9,OiO,6

9,05

12+2

-

4 ,8

2,9+0,3

32+2

2+0,3

1,5+0,3

i

/ 5 /

/ 5 /

/ 8 /

/ 5 /

/ 5 /

/ 8 /

/ 5 /

/ B /

/ 8 /

/&/

/ 8 /

/ 8 /

/ 8 /

/ 6 /

/ 7 /

/ 8 /

/ $ /

/ E /

/ 8 /

/ 8 /

/fi/

i

Measurement |
method i

AE - E !

AE - E j

M M S T E Dj

A E - E j
I

M M S T E D J

M M S T E D J

• ^> T7 1
/• J J ~~ XJ j

M M S T E DJ

£sE - E !

M M S T E Dj

M M S T E D ]

MM S T E ij

1
MM S T E Ej

MM S T E E|
1

M M S T E l j

MM S T E I

AE - E

AE - E

MM S T E I

A.E - E

MM S T E I

M M S T E I

MM S T E I

MM S T E I
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Table 2 (continued)

A,

fie

Be

Be
IOg

I J B
I2 B

13B

I 4 B

! B

B
I 3 C

I 4 C
I5 C

I 6 C

C

C
I 6 N

N
i
I 8 0

20Q

0

F

MeV

-

>I5

>I7,I

-

-

-

-

>20

-

-

-

^29

-

>33

-

>40

>47

i

E,
MeV

-

-

—

-

-

-

-

-

_

•

21,8+0,7

F,
MeV

-

-

-

-

-

-

-

-

-

-

19,4+1,4

•

i
i _

—

-

- i - '

-

- .

-

-

—

1

per

IE

o.

9,

4

o,

2,

0,

I0 4 4He

-

_

^0,02

-

-

—

48+0,10

-

-

-

1+0,5

tO, 05

42+0,10

i0,05

-

9+0,6

10+0,03

per

3E

3S

Y

I0 4 4 He

....

5,0+2,0
> 4

37+4

o,
o,
o,
o.
o,
o.
o,
5.

I .

o,
7,

47

2,

o.
47

-

25+0,1

17+0,05

2+0,06

1+0,05

70+0,14

95

5+0,3

4+0,6

5+1,0

2+0,1

6+1,2

.6

-

4

-

5+0,2

.6

23,8

Ax/

. .. .
/o /

/ Mr

/V
/ 7 /

/Q /
/ M/

/ o/

/ O /

/o /

/a/

/ O/

/ 8 /

/ 8 /

/ B /

/&/

/ 8 /

/ 6 /

/ € /

/ O»

Measurement
method j

MM S

E

A E

MM

MM

MM

MM

M M

MM

s

s
s

s
s

s
aE

MM

MM

MM
•

MM

MM

s
s

s
s

s

AE

MM

A]

MM

MM

s
3

s
s
3

AE

T

-

_

T

T

T

T

T

T

—

T

T

T

T

T

_

T

-

T

T

-

E

E

E

E

E

E

E

E

E

E

E

F.

E

E

E

E

E

E

E

E

E

E

•

D

i
i

D

D

D

D

Dj

D i

D

D

D

]

1
D

D

D

The authors found in subsequent measurements that these data were inaccurate[9].
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Table 3

Energy spectrun and relative yield parameters for light nuclei
from the thermal neutron fission of ̂ ^

A;

h
2H
o
"H

| ^

n c
4He

6jje

n6

%e

61 I

7 i •

8Li
9U

Li

Li
7Be
9Be

I0Be
n B e .
I2Be

EmiiT E » M ,
MeV

4fI8

4,5^19
_

5,5^20

i

10-29

-

11^28

-

>8,5

I2f23

-

-

-

15

-

-

-

-

MeV ,

8,4+0,15

8,2+0,3

8,7+0,1

8,2+0,15

8,4+0,1

16+0,1

15,8+0,1

11,8+0,4

10,8+0,15

-

< 12

8,0+0,2

-

14,5+0,2

I3,3±0,4

I2,0±0,3
-

— •
-

16.2*1,2

I6,4±0,2

15,9+0,6
12,9*1,8

F,
MeV

7,2+0,3

7,2+0,5

7,6+0,2

7,6+0,4

7,0+0,15

VA

per 10 " e

_

-

—

-

-

^ 0,01

10,6+0,2 j

10,3+0,15

10,6+0,6

10,9+0,2

-

>9

I0,9±0,4

-

13,6+0,3

12,5+0,9

I2,0±0,6
-

-

-

16,6+1,5

16,3+0,3

14,1+1.0
13,6+2,5

-

-

• -

175+21

-

-

«0,05

-

-

-

-

7,3±0,2

<0,0I

• —

-

-

—

Y
perlO4 %

190+10

50+10

69+2

680+30

720+30

- •

I0 4

IO4

190+20

192+5

250

8+2

8,8+0,4
-

6,5+0,2

3,2+0,3

5,3+0,3

15+0,5

15
-

5,I±0,6
49+1

3.5±0,3
2,2±0,5

i

LAV

I
/ 9 /

Al/
/ 9 /

AV
Al/
/ 9 /

AS/

/ 9 /

A!/
no/
/ 9 /

Al/
Al/
yj[/

Al/
Al/
Al/
/io/
/W
As/
AV
/s/
Al/

i

i

Measurement |
: method ]
r .
i i

A E - E

| A E - E j
i

IM M S T F, D .
A E - E !

t

|M M S T E D

MM S T E D

AE - E
< i
M M S T E D •

i

A E - E ;
M M S . T R H

AE"- E |

A E - E
i
i

M M S T E D j

M M S T E D

M M S T E D i
1

M M S T E D

M M S T E D

M M S T E D

A E - E

" M S T E D

M M S T E D j
1

yiM S T E D

i l M S T E D

J M S T E D
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Table 3 (continued)

13
B

I 4 B

B

B
I3 C

| I 4 C
I5n

I c

c

I6N

| 2 0 0

E — E

> 28

>36

i oe, I04

20,2+0,6

18,6+3,3

0,52+0,04

41,0

22,2+0,'7
~ i

19,7+7,1 I

I 2,7+0,1

! 4 0,02

per

i

method

1,3+0,4

I 0,2+0,1 J
1 3,4+0,7

3,3

M

M

!M

/IO/J

14+0,6

3,5+1,3

3,5+1,6

21,0+2,1

50

0,8+0,4

in

|M|/v,
!M
I
i

iM

/io/i

IT!

L
i i
i i

M S T E

M S T E

M S T E

i E - E '

M S T E

M S T E

M S T E

M S T E

M S T E

\E - E

M S T E

M S T E

Dj
I

D|

Dj

D|

D!
I

D'
D!

I

i

D!

i

Table 4

Energy spectrum and relative yield parameters for light nuclei
from the thermal neutron fission of Amm

1

%e
7Li
8Li
9U
9Be

I0Be

i

E m « " E •MAX

KeV

-

-

-

-

-

-

-

-

Mev

8,2+0,3

15,8+0,1

11,0+0,15

13,7+1,0

12,7+0,3

-

16,6+2,0

16,2+0,9

26,4+0,5

F,

i>feV

8,2+0,8

10,9+0,2

10,6+0,2

11,0+3,5

10,3+1,2

' -

18,7+3,2

17,2+1,7

22,9+2,0

per IO4 Tie

-

-

-

-

-

-

-

-

Y
per IO4 ^ e

620+60

I 0 4 "

214+6

8,2+2,6

3,6+0,4

6,4+1,3

7,5+1,5

57+6

14,5+1,5

AV

AV

Ai/

AV

AV
AV
AV

!
' Measurement

method {
1

i
AH S T E D,

i

4 M S T E D,

A M S T E D|
1
1

A M S T E DJ

«STED|

4 M S T E D[
1

4 M S T E Dj

4 M S T E D[

4 M S T E D|
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Table 5

Energy spectrum and relative yield parameters for light nuclei
252

from the spontaneous fission of Cf

A.

h
h
he
4He

he

he

7Li

9Li

Li
Li
Li

MeV

7,3-18,8
3,3^12

5,3-21,5
4,2-18
6,5^24,3
5,0^24
I4,2r2I,3
8 ,3T37 ,7

7,Ir4I
10,0^33,3

9,3r27,7

24,0^-33,2

25,4^38,3

26,&f37,5

28,1^37,1

15,7^65

> 13

39,3443,9

4I,0r45,6

MeV

7,8*0,8
-

7,8*0,2
8,0*0,5

8,0*0,3

16,0*0,2

12,0*0,5

10,2*1,0

—

-

-

-

20,0*1,0

18,5*1,0
-

KaV

6,8*1,6
-

6,1*0,3
7,2*1,0

6,2*0,6

10,2*0,4

8,0*1,0

8,0*2,0

-

-

-

6,6*2,0

-

Y A
oer IO4 ^ e

II0±I5

144*16
-

63*3

47*6

642*20

619*31

(0,947*0,03)IO4

195*15

9li6

6,2*0,8
5,9*0,9

0,11*0,05

0,81*0,12
0,15*0,06
0,09-0,04
12,6*1,5
11,6*0,6

-

~0 t 02
~0,04

Y
per IO4 4He

175*30

I593 0

160*10

68*3

53*}

846*28

710*^

I04

263*18

4093l)

9,0tl,2
IO,^5

13,2*1,6

29*5

/n/

/I2/

/I3/

/I4/

/I2/

/I3/

/I2/

/I3/

/I2/

/I2/

/I3/

/I3/

/12/

/I3/

/I2/

/I2/

/I2/
/I3/

/L2/

/I2/
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Table 5 (continued)

A,-

Be

Be

Be

Be

B

B

B

C

C

C

0

1-feV

23,6-49,1

24,Ir73

20,5-70

> 13

31,0^75

25,3^72

>I6

40,5T78

33,2-75

> I 8

>22

>27

MeV

- 2 6

19,2*1

-I9* 5

-

—

23*2

-

-

MeV

- I I

-
~I9*}

' -

-

-

-

—

per iGr TBe

15,6*1,6

I5,0t0,6

28,4tO,9

-

0,28*0,13

£2,2

-

0,41*0,13

4,4*0,6

-

6,6tl,5

0.5-0,1

per IO4 %e

20,1*2,0

65i7

- 4 . 0 X )

• -

3,5*1

43*9

'"'

/I2/

/I3/

/I3/

/I5/

/I3/

/I3/

/I5/

/I3/

/I3/

/I5/

/I5/

/I5/

*/ Value obtained in this paper (see text).
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TABLE 6

7 8 9
Example of calculation of range of extrapolated Li, Li, Li

yield values (Y . ,Y ) from the spontaneous fission
^^min max

of Cf, according to the data in

Refs [4, 8, 11, 12, 15]"

R
e
s
u
l
t
s
 
o
f
 
R
e
f
s
.
 
[4
,
 
8
,
 
l
l
]

R
e
s
u
l
t
s
 
o
f

R
e
f
.
 
[1
2]

R
e
s
u
l
t
s
 
o
f
 
t
h
e
 
p
r
e
s
e
n
t
 
w
o
r
k

<for Ymax)

MeV

MeV

MeV

MeV

for isotope yield

Measured energy
range, MeV

Emin

Emax

Total yield (Y*>

Part of measured
spectrum for Y .

Part of measured
spectrum for Yr max

min

Ymax

Y from [15]

Total yield
Ymin

max

Total yield from [15]

7Li

15.8

11.0

13.7

12.1

2.03

15.2

37.3

8Li

14.4

10.3

12.7

12.5

1

15.2

37.3

9Li

12.0

11.0

11.3

12.0

1.66

15.2

37.3

12.6

0.551

0.385

13.1

17.4

12.6

0.428

0.320

6.4

8.6

6.2

0.247

0.223

10.7

14.2

10.3

30.2

40.2

29.1 + 5

4 4* The Li yield of nuclei is given per 10 He nuclei.
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rj Q f-\

Table 6A: Range of values for extrapolated Li, Li, Li yields

252(Y . , Y ) from the spontaneous fission of Cf,nun max
based on data from Refs [U, 8, 11-13, 15 W

Isotope

[n]

Y .mm

Ymax

<Y . )
mm

^ max4

a v .

a v .

Y from Ref. [15]

Total

yield

Total
Ref. |

<Y >
^ mm av.

max'av.

yield from
15]

[12

1 3 .

17.

TLi

]

1

1+

1 3 .

IT .

1 2 .

[13]

13.3

IT.9

2

T

6

8L i

[12]

6.k

8.6

6.5

8.T

6.2

30.5

U0.7

29.1 +

[13]

6.6

8.8

5

9Li

[12]

10.7

1I+.2

1 0 .

Ik.

1 0 .

[13]

10.9

Ik.6

8

k

3

k k
jy The yield of Be nuclei is given per 10 He nuclei.
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q in in 12
Table 7: Range of values for extrapolated Be, Be, Be, Be

yields (Y . , Y ) from the spontaneous fission of
m m max ^

* /
Cf, based on data from Refs [h, 8, 11-13, 15]—

Isotope

[n]

min

Y
max

<Y >
inin'av.

^ max*av.

Y from Ref. [15]

Total <Y . }
^ min»av.

yield ^Y . \
^ ininr av.

Total yield from
Ref. [15]

9Be

[12][13][13]

6.6 8.1 7.5

7.6 9.2 8.8

8.5

5.U

10Be

[12][13][13]

65 80 73

75 91 86

73

8k

53.3

HBe

[12][13][13]

h.l 5-7 5.3

5.h 6.5 6.2

5.2

6.0

3.8

88.9

102. k

65 + 7

12 B e

[12][13][13]

2.9 3.6 3.3

3.1+ k.l 3.9

3.3

3.8

2.k

k k
V The yield of Be nuclei is given per 10 He nuclei.
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Table 8: Range of values for extrapolated C, C, C yields
2 RP

(Y . , Y ) from the spontaneous fission of Cf,
m m max * */

based on data from Refs [k, 8, 11-13, 15]-

Isotope

[n]

Y
"min

Y
max

4Y . >
m m av.

^ max'av.

Y from Ref. [15]

Total ^Y . ^
^ m m av.

yield / Y \
^ maxrav.

Total yield from
Ref. [15]

[13]

8.9

19. T

[13]

19-5

39.5

15c

[13]

2.2

H.9

[13]

h.9

9.9

16c

[13]

2.2

1+.9

[13]

h.9

9.9

lU.2 3.6 3.6

29.6 7.I1 J.k

28.T 7.2 7.2

21.1+

kh.k

k3 + 9

h h
*/ Yield of C nuclei is calculated per 10 He nuclei.
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Table 9

Energy spectrum parameters of o£-particles created in the thermal
241 241

neutron fission of Pu and Am and the spontaneous fission of
242_ . 244_

Cm and Cm.

Compound
nucleus

242,,
Pu

242.
Am

242Cm

244Cm

Reaction

2 4 1
DPu + n

(thermal)

Am + n
(thermal)

Spontaneous
fission

Spontaneous
fission

E,
MeV

15,0 +

15,8 +

15,5

15,5 +

0,

1,

0,

6

2

5

8,

11

13

11

E,
MeV

3 + 0,5

,2 + 0,9

,0

,5 + 0,5

/n/

mi

mi

1181

1191

Measurement
method

Photoemulsion

Photoemulsion

Photoemulsion

Photoemulsion
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Table 10

Total yield of light nuclei from ternary fission (^ Y (Ai))and

yield of He nuclei ( Y ( ° O ) relative to binary fission ( Y(bin.))
O O O 0 *} R *) "5 Q O / O

in the thermal neutron fission of U, U, Pu, Am1" and the
252

spontaneous fission of Cf.

Fissile
nucleus

234 U*.

2 3 6 ^

236V*

i

236 U*

2 3 6 u *

1

240 p •

252Cf

252Cf

Y

414

494

460
i

499

570

530

411

443

420

299

310

(bin.)

(( A,-)

+ 26

± I3

+ 20

+ 30

± II '

+ -20

+ 26

± 9

+ 20

1

± 18

+ II

-

.Y (bin.)

Y(<*

533 +

485 +

1

-

635 +

615 +

-

499 +

475 +

-

352 ±

453 +

)

14

20

12

20

10

20

1

13

7

Y(oc )

Y (bin

|

j 1880 +

-

-

1450 +

1570 +

-

-

2000 +

-

—

2840 +

2210 ±

I0B

.).

50

5tf<>

30

1

40

100

33

/n/

/20/

/2I/

/22/

/20/

/23/

/2I/

/22/

/20/

/2I/

/22/

/20/

/2I/

/24/

Measurement
method

Ionization
chamber

Ab"t- semi-
conductor telescope

Semiconductor
E-detector

Ionization
chamber

/^E-E telescope and
ionization chamber

£\E1— E semiconductor
telescope

Semiconductor
E-detector

Ionization
chamber

/S.F"-El«;pmi conductor

telescope

Semiconductor
E-detector

Ionization
chamber

^ E — E . semiconductor
telescope

Extrapolation

*/ In Ref. [23], the He nuclei yield is determined for energies greater than
6.3 MeV.



Table 11

233TH

233

234

—»_

235 y

236 u

Total light nucleus yield and CC-particle yield from the ternary fission of
heavy nuclei at various excitation energies

Compound '
nucleus

Reaction

n(2 ,5 ifeV)
2 3 2 T h ± n ( I 4 MeV)

232Th+p(I0,5
2 3 3 U + n (thermal)

+n(I Mev)
2 3 5 U + n (thermal)

n *»f

MaV

2,4

- w -

I I

6

2,4

11,0

6,9

12,5

11,0

6

6

2,4

11,0

6,9

12,5

MaV

7,4

18,8
15,5
6,5

—n—

-"-

20,4

6,3

6,5

-"-

-"-
- » -

-"-

(bin.)
Y (ter.)

883 +

775 + 73n)

465 + 247

414 ± 26

303 ± 12*)

494 + 13

460 + 20

466 + 30

499 + 30

570 +

570 + II

530 + 20

Y (ter.)

0,9

0,9

0,926

0,9

0,898

V (bin.)
Y (oc)

981 i

861 +

529 ±

447 ±

327 +

600 +

533 +

497 +

485 +

518 ±

556 ±

635 ±

582 +

635 +

590 +

41

81

131

28

13**

78

14

22

60

33

33

12

53

12

22

20,76

15,7
13,28

14,54
15,45

/nl

/ 3Q/

/30/
731/
/20/

/30/

/26/

/2I/

/22/

/26/

/20/

/20/

/30/

/26/

/2I/

/22/

Y (bin.inj>

av

957 ± 37

•>

529 ±

512 ± II

512 + H

518 + 33

606 ± 0

Y(oc)/extr

847 ±22

644+10

547 ± 6

598+ 8

634 + 1 0

I



^(Table 11 continued)

Conpound , . Em;h E * Y(bin.) Y (« ) Y (hirO (J /n / / Yfbin. X /Y(bin.)\
n u c W . * * . . . * * YLter.) y (ter.; Y <«c ) * ' * " ^ Y ( ~ ) ^ U(o< ) / ^

2 3 6 U 2 3 5 U + n(lMeV ) 6 7,5 534 + 35 - " - 595 + 39 - " - / 2 0 / 606 ± 8 6 3 4 + 1 0

_"- 235(j + n ( 2 f 5 M e v ) 2,4 8,9 531 + 15*^ - " - 5 9 1 + 1 7 - " - /3(V - w - - " - - B -

^» - .235u + n ( j 4 MeV) 2,4 20,4 510 + 26*) - " - 5 6 8 + 2 9 - " - / 3 0 / - " - - " - - " -

-••- 2 3 5 U +n(I4.ifev) 11,0 20,4 - - " - 5 8 8 + 4 8 - " - / 2 6 / - n - - " - - " -

•-«- 2 3 2Th+oc(42 Mev) 11,0 36,8 516+ 58 - " - 587+ 66 - " - / 3 I / -"- - " -
2 3 9 U 2 3 8 U + n (2 ,5 bfeV) 2,4 7,3 819 ± 27s1 J 0,9 9 1 0 + 3 0 21,56 / 3 0 / 934 + 26 8 7 9 + 2 4

- « - - " - -••_ . .»- _ . _»_ 835 + 100 - " - 928 + I I I - " - / 3 2 / - " - - " - - " -

238u + n ( 7 , 6 J f e v ) - 12,4 8 7 5 + 1 0 0 - " - 972 + I I I - " - / 3 2 / - " - - " - - n -

238u + n ( I 4 ^ v ) - 18,8 1050 ± 100 - " - JI67 + I I I - " - / 3 3 / - " - - B - - " - '

- " - - " - - " - - " - 2,4 - w - 590 + 29* * - " - 656 + 32** * - " - / 3 0 / - - " - - " - " ^

- " - - n - - " - - " - 11,0 - r - - • - 909 ± 118 - " - / 2 6 / 934 ± 26 - " - - " -

239 y 238L| + n ( I 9 ^ _ gg^g 9Oo + 100 0,9 1000 + I I I , - " - / 3 2 / - " - - " - - " -

2 3 8 N p 2 3 7 N p + n ( I 4 ^vj I I ( 0 _ _ 448 ± S3 14,59 / 2 6 / 4 4 8 + 5 3 600 ± 8

239KJR 2 3 8 U + p ( I 0 | 5 ^ v ) n , 0 15,4 553 + 33 | 0,9 629 + 38 15,85 / 3 I / 629 + 38 650+ I I
2 3 8 P u Spontaneous fission 13,0 0 355 + 80 0,9 394 ± 89 9,53 / 3 4 / 394 + 89 397 ± '9

2 4 0 Pu Spontaneous fission 6 0 j 314 ± 20 0,888 354 + 23**} 11,9 / 2 0 / j - 492 + 6

| - " - - " - 13 | 0 400 + 60 | - " - 450 + 68 - " - / X 8 / 488 + 8 - " - - " -
i i i i ~ i



(Table 11 continued)

Compound .
nucleus

240pu

it

— n

. - -

242pu

- V

-"-
-"-

242 Cm
„

244Cm

252 Q.

—n—

Reaction

2 3 9 P u + H (thermal)

ft N It

II »

2 3 9 P u + n (I MeV)

Spontaneous fission
2 4 1 Pu + n (thermal)
2 3 8 U +<*(29 MeV)
2 3 8 U +<*(35,5 MeV)
2 3 8 U + <*(42 Mevr

Spontaneous fission
N M II

Spontaneous fission

n u n

Spontaneous fission

- " - - " - - " -

MeV '

6

D, 7

12 5

6

6

6

II

-"-

-"-

6
TO
XO

6
,T

6

8

MeV

6,6

7,6

0

6,2

24

30,5

37

0
n

0
n

0

0

Y (bin.)
Y(ter.)

411 + 26

AA*3 A. Q

42D + 20

403+ 25

365+ 29

440+28

516 + 100

470 + 66

498 + 50

257 + 17

314 + 20

299 + 18

310 + II

Y(°O
Y (ter.J

0,9

0,9
_ " _ •

0,9

0,879
it

s)

360

Y(bin..)
Y(«<)

463 i 29

499 + 10

473 + 23

454+28

406 + 32**^

489 + 31

587 + 114

5S5 + 75

567 + 57

286 + 19

311 + 56

349 + 22

416.+ 41

340 + 20

353 + 13

w
11,9
-" -

- " -

-" -

13,57
_»_

- - -
-» -

7,23
- " -

8,64
-"-

j 8,48
i

i ""•

/n/

/20/

/2I/

/22/

/2n/
/20/

/20/
/3I/

/3I/
/3I/
/20/

/I8/
/20/

/26/

/20/

/2I/

/VCbinOx
Y(o< )

488 + 8

- " -

- " -

- " -

-

514 ± 25

- - -
-"-
-"-

289 + 18

-"-

364 + 19

-"-

349+ II

- " -

/Y(bin.)\

492 + 6

- - - - " -

- « - - « -

559 + 7
-«_ _»-

_ - - - « -

_«_ _-_

-"_ _-_

305 ± 14
_«_ _"-

361 ± I I

355 + TT

i

The data in Ref. [30] are normalized to the value of the CX-particles yield from the thermal neutron fission of

U obtained in Ref. [21].

This result was not taken into account when averaging the values Y(bin.)/Y(o<) over the data for the same conpound nucleus.
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Table 12

233 235
Yields of light nuclei from the thermal-neutron fission of U, U,

O/O

Pu, Am [ 4 , 5 , 8 , 9 , 1 1 ] and the spontaneous

fission of Cf [12, 14] (yield per 10 fissions)*

Ai

h

he
4He

6 L i

7 L i

8 L i
9 L.
7Be

I0Be
JIBe
I2Be
I 0B
n B
I 2B
I 3 B
I 4B
I 3 C
I 4 c .
I5c
I6C
I6N

I 8 0

i

234

•

7 ,7

87

1880

25,7

0,67

0,69

0,34

0,67

0,69

8,0

—

+

+

-

+

+

+

-

+

+

+

-

+

+

-

-

-

- '

-

-

-

-

-

-

-

—

-

-

o,
4,

5C

I,

o,

o,
o,
o,

o,
o,

4

3

)

5

08

04

04

09

15

6

Z

18,1

" 7,9

113

4 0

1570

30,0

1.3

0,008

0,64

0,28

0,47

4 0

0,46

5,0

0,31

0,24

4 0,

0,04

0,027

0,03

0,016

0,08

0,85

0/4

0,03

40,

36

±
+

+

V

2,4

0,4

5

0016

+

+

+

+

+

+

+

30

1.4

0 ,1

0,003

0,05

0,05

0,06

0016

+

+

+

+

0,05

0,3

0,05

0,05

003

+

+

+

+

+

+

+

+

0,02

0,008

0,01

0,008

0,05

0,1

0,16

0,015

008

40,008

0,08 + 0,03

240 P u *

38

13, #

144

4 0 ,

2000

38,4

1.8

4 0 ,

1.3

0,64

1,06

4 0 ,

1,0

9,8

0,7

0,44

*o,
0,18

0,2

0,26

0,04

4 0,

2 ,8

0,7

0,7

*o,

0,16

± 2

+ 0,5

± 7
002

+ 40

± 1.3

± 0,1

01

+ 0,05

+ 0,06

+ 0,06

002

+ 0,1

+ 0,3

+ 0,06

+ 0,1

004

+ 0,06

± 0,08

+ 0,08

± 0,02

2

+ 0,1

+ 0,26

+ 0,3

004

- •

+ 0,08

2'

137

2210

47,3

1,81

0,80

1,41

1,66

12,6

3,20

13,

—

-

+

-

+

+

-

-

+

+

+

-

+

+

-

-

-

-

-

-

-

-

+

•

-

-

-

-

*

3

33

I

0

0

0

o
I

o,

5

57

,09

,29

,33

3

33

2!

49,7

19,3

240

2840

75

2,6

3

I

3

2

52Cf

+ 8,7

± LI

-

± 100

+ 6

± 0,4

-

7«o
g3E3O

QK30

-

3 X 3 0

22***

I

I,

6,

I.

6*^
I Juy

•
1

-

-

-

-

-

-

—

-

-

l&i

TheeC-particle yield from ternary fission is taken from Refs [21 and 24].

Results are taken from evaluations in this paper.
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Table 13

Yield values per fission event for various elements created in the
235 239

thermal neutron fission of U and Pu

Reaction

1

i—i

c

in

Element

H

He

Li

Be

B

C

N

0

Ne

Ar

- " -

- " -

- " -

- " -

- " -

-"^

Co

Mass or mass
range

1 + 3

3 + 8

6 + 9

7 + 1 2

10 + 14

13 + 16

16

20

20

21

22

36

37

38

39

39

40

41

42

42

56

Yield

1,39 I0~4

1,6 icr3

1,4 icr6

0,6 I0~5

I , I icr7

1,1 IO"6

<R nr9

0,8 IO"7

c5,8 ICT8

<3,4 ICT10

<2,4 IO"9

4i icr9

<2 icr9

<7,8 ICT10

44 ICT9

<6,9 ID"7

4 3 I0~9

43 ICT13

^2,2 ID"9

4 8 ID"10 •

/n/

/II/

- " -

- " -

- " -

/42/
ft

fff

/4I/
^42/

- " -

/AX/

/4V
/4V
-"-

/42/

/4V

Measurement
method

M M S T E D

Mass-
soectrnmatry

Radiochemical
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Reaction

CO

I

Element

H

He

Li

Be

B

C

N

0

F + Mg

S i * Ar

Mass or mass
range

1 * 3

3 * 8

6 + 9

7 * 12

10 + 14

13 * 16

16

20

19 + 26

28 * 42

38 -f 60

Yield

1,96 I0~4

2,04 I0~3

3,0 ICT6

1,19 I0~5

6,8 IO"7

4,2 ICT6

1,6 icr
4 ior8

8 icr9

icr8

/«/ i

/II/

Table. 13 (continued)

Measurement
method

M M S T E D
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