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TABLES OF CROSS-SECTIONS OF NUCLEAR REACTIONS
WITH NEUTRONS IN THE 14-15 MeV ENERGY RANGE

SUMMARY

During the last few vears many measurements of nuclear reactions with neutrons (n._?u), (n, p), (n, np), (n, d), (n, Hed), (n, 1),

(e ) and (e n2) in the energy range B = 1415 MeV have been carried out, so that a compilation of the cross-sections of these reactions
seemed 1o be of general value, Thos, these tables of eruss-sections will give a general picture of the measured values available, provide a
hasis for special theoretical considerations, and in some cases point up the urgeney of making further investigations on more precise
measnrements in this feld

The tables are arranged as follows :

I. Column I will mark each single measurement : the first number gives the atomic number
and the second the mass of the target nucleus. The second number is left out if only
the cross-section of the natural element has been measured. The small letter marks

the type of reaction :

[}

a — (n, 2n) reaction
b — (n, p) reaction
¢ — (n,np -+ n, pn + n, d) reaction

d — (n, p + n, pn) reaction

(n, np) or (n, nd) reaction

f — (n,d) or (n, He?) reaction

g — (n,p -+ n, pn + n, np + nd) reaction
h — (n, 1) or (n,2p) or (n,n) reaction

i — (n,2) reaction

r — (n, ne) reaction

The following number indicates the measurements of the different authors in order of

succession.,

II.
I11.

T¥.
¥,
VI

VII.
VIITI.

References,

Half-life uscd for the measurement. If the half-life has especially been remeasured, an

index mark is given.
Neutron energy in MeV.
Cross-section in mb and error.

Specification of the absolute measurement of neutron flux. In the case of relative

measurements, the cross-section used for comparison is given.

Description of method.

Sources of uncertainties which according to the author have been used for calculation

of error given in column V.



1X. Target used for experiments.

In many cases not all the details could be specified in the columns because the publi-
cations do not contain though all the information nccessary for columns III through IX.

It is obvious that two methods were mainly used for the determination of eross-
sections :

1) Registration of the particles emitted in the rcaction (nuclear plates, teleseope) ;

2) Measurement of - and y-ray activities of the targets after irradiation by the ncutrons.
For comparison of the results of different authors the following items must be observed :

a) Method 1) does not permit of any discrimination between (n, py)- and (n, pn) or between
(n, @y)- and (n, an)-reactions,

b) By method 2) the reactions (n, np), (n, pn) and (n, d) cannot be separated.

¢) For a determination of cross-scctions by method 2) it is necessary to know the intensities
and the energies of all the - and y-rays emitted from the residual nuclei. For many nueclei
the decay scheme is not known precisely. As a result of this, sume errors may appear
in the calculation of the cross-section from the radioactivities measurcd. But even
by using equal decay schemes considerable differences in the results may still arise
according to the method applied (measurement of total B-ray-activity, measurement
of definite vy-energies in photopeaks, measurement of the total vy-activity, counting
of positron annihilation radiation by coincidences).

d) As in many publications not all the sources of uncertainties were thoroughly examined
for a calculation of the errors, a comparison of the errors quoted by different authors
can be made with some reserve only (see VIII). If quoted in the publications column V
indicates whether the error given is the mean (mostly) or the probable error.

¢) Though a large number of results was compiled, it will still be difficnlt to make more
precise statements on the quality of the single measurements. If there are several results
available for one reaction at equal ncutron energies it can be concluded from the tables
which value could be used as an average. In the following we have considered some
important reactions frequently used for comparison or relative measurements,

CROSS-SECTIONS OF SOME REACTIONS FREQUENTLY USED FOR COMPARISONS
AND RELATIVE MEASUREMENTS

Some reactions frequently used as a basis for relative measurements of cross-sections
are given below. The individual resnlts cannot be used without detailed cxamination to
find out the most probable values of the cross-sections. In some cases however values
can be found which may within certain limits rcpresent a usable mean cross-section. It will
in gencral and with all respect to the older experiments be reasonable to give more consideration
to the never results because the methods have been improved considerably; the results
from nuclear plate and telescope measurements in particular may mostly inelude higher errors,
because of the lower statistics, for instance. It will be easier to carry out the measurements
of the induced radioactivity with improving accuracy. Furthermore, the energy dependence
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of the cross-seetions has to be considered if the measurements extend to a larger range of
energy (between 12 and 20 MeV, for instance).

1) Li%(n, «) H3
Though careful measurements were carried out early on by Kern (K58 I) we should like
Lo give priority to the values of Ribe (R52), Frye (F54) and Pollehn (P61 IT) which concur
fairly closely
g =206 mb at 14,1 MeV;

2) 0'%(n, p) N6
As the scattering of the values given for E, = 14.5 MeV is relatively low, a mean value of

¢ = 40 mb is proposed ;

3) Al¥(n, p) Mg
At the cnergy E, = 14.1 MeV nearly all values join to give
c = 81 mg.
The values for E, = 14.8 MeV are more scattered, but they all come from relative

measurements ;

4) Al*(n, o) Na*
It is important to remember that the cross-sections of this reaction slowly decrease from 14
te 15 MeV., For E,;, = 14.1 MeV the values aceumulate to
¢ = 121 mb,

though recent results by Prestwood (P61 I; P61 IV) gave a value which is 6 mb higher.
At 14.8 MeV the results of different authors meet at 114 mb;

5) Fe%(n, p) Mn%
In this case the results at 14 to 15 MeV are widely scattered, so that it will be necessary
to consider further measurements. Averaging several results yields a value of

g = 114 mb at 14.3 MeV;

6) Cu%(n, 2n) Cub2,
Although this reaction is frequently used for comparison, the different results are astoni-
shingly far from uniform. A mean value is about

g~ 500 mb at E,, = 14,1 MeV ;

7) Cu®®(n, 2n) Cut
Only a scarce number of absolute measurements is available. A mean value of about
6 ~ 930 mb is not yet sufficiently reliable.
On the basis of the more recent experiments by Prestwood (P611; P61 IV) on Al%*(n, «),
this value should be lower about 20 mb.

From all reactions considered here the values of Al*’(n, &) appear most accurate (about
—+ 39%,) ; for the other reactions deviations of 5 to 89, from the values suggested here should

be allowed.



1-2al

1-2a2

11

A58 11

He0

1l v
= Lil 200 + 20
— —_ 190 £ 19

DEUTERIUM

D3(n, 2n) H!

abs,

:Arr;);u Tiedm) Het

Vi

Pulsed neutron source of
2.5 psee duration, Detee-
tion of double pulses in
a cadmivm loaded liguid
seintillator of 407 length
and 40" 0. The targets
were in a hole of the scin-
tillator

VI

Standard  deviation
contains : stat.(~8%),
calibr. (3.4 %), neo-
tron flux (4 7))

Several
ch,

IX

thin

dises



3-6b1

3-6b2 diff.

3-6el difl.

3-6elm

3-6h1

3-6h2 diff.

1

B33l

54

54

Fs¢

R52

F54

11 v
14.1

— 14

— 14

—_ 14

— 14.2

= 14

89 & 10
AL} = 0o—1690

MTx9
dfl = (—1690

20 4 3.6

26 4 4
dil = 4=

Vi

LITHIUM

Li*(n, p)

abes, :
g-from T, n) e

Li®(n, d) Hed

Li*(n, d) Hesm

Li*(n, t) He!

Vil

f-activity.
prop. - connter. Calibira-
tion by the Co® activity
from Cu=(n, 2n) Cu™ with
alu®(n, 2n) = 350 mb at
L&l MeV (cf. 29-63a).
Deerease of the activity
was recorded with a time-

geometry

analyser

Nuclear plate

ef. 3-662

cf. 3-6b2

Li* in prop. - counter.
Energy spectrum was re-
corded  with a  multi-
channel analyser

ef. 3-652

VI

deviation
statigtics,
calibration, alu®
(. 2n), neatron flux

Standard
contains

Deviation  contains :
statisties  neutron
flux (49} geometry
(1.55 ®3) separation of
particle groups (<79,)

Isotopically enriched
Li-foils : Li%(90.949,
420 mgfem®: Li7
(99.90 9,y 510 mg/
em*

Isotop. enriched Li
foils  Li®  (90.9 %)
Li¥ (99.99,) 1l
ness <10 mg/el

With  Li*  enriched
Li-foil



3-6h3

3-6h4

3-06h5

3671 difl.

1 11 111
R56 1 —_
LELR -
sl 11 —

R56 1T -

B33l 0,83 = 0.03*

sCC,

*i Also measured for 12,5 MeV = E,
*2 Also measured for By, = 2,6 MeV

v

14.1 & 0.08

14.0%

20203

14.2

L 0.2—0.3
185

- 0.2—0.3
15
40,203
141 - 0.15%
l4'=

141

*3 Also measured for 44 MeV = E, = 14 MeV

*4 Measured by the authors

= 18,3 MeV

v Vi

26 - 4 abs, ;

a-from T(d. n) 1Te!
28.5 - L6 abs, :

a=from INd. n) et
281 - 1.6
29 1.5

258 - L5 abs, :
z-from T{d. n) e

Li%(n., dn) He!

300 = 50 of. 3-Th2

Li*(n, d) Het

9.8 £ 0.98

ARl VIIL

ef. 3-6h1 Mean total error

Dircet counting of the 117 Mean total error
and 1Te a LifI(E,) -

ervstal ol " dinmeter

and 0,57 height

a1 from Lif(n, 0) He'  Mean total erior
were measured in coinci-
dence with = from T(d. n)
He'; x from D{d. n) He!
with a prop. counter and
1) He?

erystal.

24+ H? from 1
with a LisI(
The Lifl-erystal served

as target and  counter

of. 3-6b1

X

ef. 3-0b2

Litl-rry=tal
96.1 v, Li*

Li*l-erystal
9% 9, Li*
o

1" hight



I 1I 1 1V v VI Vil

Lif(n, 1) He

3-Thl difl. Fa4 — 14 55 - 8 ef. 3-6h2
) = 0°—169°

Lit(n, tn) He?
3-Th2 diff. R56 11T —_ 14% 300 = 40 abs. : proton reeoils in  Nuclear plates with Li-
normal emulsions loaded emulsions

*! Also measured for 4.4 MeV = E, = 14 MeV

S | | fen

VIII

Element

15,4



i | 11 111 1V v Vi Vil VI IX

BERYLLIUM

Be?(n. 2n) Be*

4-9al ASR 11 —_ 14.1 340 - 40 ef. 1-2al
4-9a2 diff. Ra7 — 141 abs, Nuclear plate; plates ar-  Estimated total error Element, evlinder
a-from T(d. n) He* ranged eyl around a eyl

target. Only the recoil
protons  were  recorded

A-Yad Hol - — 520 = 40 — — — —
4-9a4 diff. Mol 11T — 14.1 a) 340 = 70 — a) Be-powder mixed with m— Powder 20 mgfem?
the emulsion of a nuclear
plate
b}4l:[;%]=-lﬁll %9 b) Metallic Be cyl. sur- Metallic Be
PR iy R rounded by several plates
200, 450, 650, 907,
1050, 1200
Be*(n, =) He®
4-9i1 nB531 0.83 - 0.03* 14.1 10 -1 cf, 3-6b1

* Measured by the authors

— . —



1 I
5-10e1 diff. F-56
5-10h1 F-56
5-1151 K-611
3-1142 K-62
5-11i1 diff. A6
5-11i2 54

111

13.6 sce

0.88 see

v

14.1*

14.1%

145 - 0.8

14.8 4 0.4

1LT - 0.68"

*t Also measured for 6 MceV = E, = 20 MeV
*2 Also measured for 12,6 MeV = Ky = 20 MV

128 + 19

102 = 17

3.2 0.4

3.3 4 0.6

309 L 6.3
~30

Vi

BORON

B'(n, dn’) 2He!

B*(n, 1) 2He!

BI[(", P‘) B(dl

rel, : ef. 29-63a,
Cu® (n,2n) - 5506mb

rel. @ of. 20-33a
Cu®(n, 2n) = 507 mb

B''(n, 2) Li*

abs, :
a-from T(d. n) He!

A, £, QU

vil

Nuclear plate with B
loaded emulsion

ef. 5-10e,

a) f-activity 2= grometry
(eorrections cf, 13-270 )
b) v-activity, measuring
of the area under the
photo-peak witha3' 3"
Nal erystal

Nuelear plate with B!
loaded emulsion

BF -counter.  Measuring
of the 2 from Be' after
the f-decay of Li*

VIl IxX

of. 13-27b4 Powder thin

I'rubable total error  Powder thin

Total error B'powder

target

target



6-12al
6-12a2

.

o

11 11T v
B61 11
B52
A58 1T — 14.1
L § 18.87 £ 0.50% msee 1492 L0.48%

Measured from threshold o 37 MeV

Measured by the authors

Also measured for 1492 MeV == £, == 17.5 MeV
Measured from threshold to 27 MeV

Ouly rel. measurement of the exel

ef, 29-63a4 **

1.93:-0.25

VI

CARBON

C2(n, 2n) C

ion function®!

Crt(n, 2n)
el 1-2ul

C2(n, p) B
rel. : ef. 3-Ghi

Li%(n, 1) = 26.5mb
for F, = 15 MceV

e e

Pulsed neutron  souree,
7 pulses/sec 5 1 msec dura-
tion, Counting  between
pulses, The pulse height
distribution was recorded
with a 100 channel and
the total counts with a 9
ehannel  time  analyser

VI

Tatal error

Plastic -

served as o carbon

permitted
the 3 asu bz



7-14al

T-14a2

7-14a3

T-14at

T-14a3

T-14ab

T-14a7

P33

R38 11

F-60*

B6l 1

A8 IT

D5t

R61 1T

1

9-9 min

12.3 min

1 min

12.3 4 0.65 min

145 L 0.35

14

13.77 + 0.20
14.74 £ 0.27

14.1

14.1

14.4 L 0.3

* Also measured for 12.4 MeV = E, = 18 MeV

5.67 L 0.85

~B.5

518 L 0.6
B8.69 - 0.9

44 1.2
19 + 10

3441

7.41 £ 0.58

Vi

NITROGEN

N4(n, 2n) N'#

abs, :

a-from T(d, n) He!

ref. : ef. 29-63a
Cu(n, Zn) = 500 mb

rel. : ef. 3-6hd
Li%{n, 1) He*= 28.1 mb

Vil

B-aetivity
Calibration with standard
sources

prop. counter,

8% activity 0.511 MeV
annihilation
measured in coincidence
with 2 scintillation coun-
ters (Nal erystals)

radiation

B+ activity. 0,511 MeV
annihilation

radiation
4 P

Leaky

5 used

a-from T(d. n) Het

rel, s ef, 29-63a
Cu®(n. Zn) = 503 mb

e

with 2Nal erystals, Cali-
bration with Na#

B aetivity amd ¥ activity
of. 1-2al

B aetivity 0,511 MeV
annihilation radiation
measured in coineidence,
counting-system cali-

brated with No™

5 aetivity 0,511 MeV
radiation
measured in coincidence
with 2Nal erystals. Cali-
bration with Cu®

annihilation

Vi

Standard deviation, no
systemalic errors

Error contains :
aLi(n. 1) -5 °,.
T o:

dn (d.n)-4°,,
leaky integr. -
cal.- 59, stat, 1-159;
target position 2 9,

90
= Lor

Estimated total error

Mean total error

Sugar, eylinder 3em
0 max. height 1,27
em, but always more
tKan half max. range
of the 3

Ne €, Hi.  evlinder
716" 0. 1" height

NH,NO,
Melamine ef. 1-2al

Ligquid nitrogen

NaN , variable thick-
ness, 1 em 0



T-14il

1 I b v v VI

B61 11 el 6-12a1*

NY(n,z) B"

L52 - 14.1 ~1u0 rel. : ef. AS0
an-p scattering = 675 mb

* Also weasured from threshold to 37 MeV

— 15 —

YII

In a cloud-chamber N
and H' in a known ratio

VIl

Gas



8-16al

8-1651

8-1652

8-16b3

8-16b4

8-16b3

8-16b6

8-16b7

Bol 11

K611

Do T

s611

K62

1

7.3 sec

T.38 & 0.05%

7 see

7.352 4 0,009 sec
of. F591

7.35 see.

7.4 see

Measured from threshold to 37 MeV
# Measured by the authors
Measured also for 12 McV = E, -= 18 MeV

140

14.4

14.8 - 0.4

OXYGEN

0'%(n, 2n) O

cf. 6-12al*?

0'%(n, p) N

35

49 4. 27 rel. : ef. 29-6302
Cu®(n, 2n) = 510 mh

39 4 3.9

39.2 £ 1.6 abs. proton recoil tele-
SOOpIC

Lo abs, : proton recoil tele-
scope

B2 L5 rel. : ef. 29-63n

Cu®(n. 2n) = 507 mb

— 16 —

VI

cof. 7-14al

ef. 7-14il

Stilben: 4 em 0 Y mm
height. The counting e
cieney for the 8 of Cu®
wits supposed to be the
same as for the % of N

ef. 5-11b1

H-activil 7 counter.
Liguid-seintillator served
s target and counter,
Counting efficiency pro-
ved with TIF"(99.5 ).
Activity measured with
2 multipliers switched in
evincidenee ; Y-speetruin
recorded witha calibrated
Nal-crystal

Beaetivity, liguid-seintil-
Tator served as target and

vounter

cf. 5-1162

VIII

for N1 Q¢

Estimated total error

Total error

IX

sgr. IO

Powder

Liguid-seintillator :
Dioxane (383 ar.)
Naphthalene

(375 gr.).

PPO (375 zr.),
POPOP (0L010 gr.)

Liquid-seintillator



8-16f1

8-16il

u

L52

(3

1

v

14.1

v VI

O (n, d) N

0%(n, 2) 13

~310

R 1y A

efl T-141

el. 7-14d

viI

Vit

IX



9-19al

9-19a2

9-19a3

9-19at

9-19a5

9-19ah

9-1951

9-1942

9-19b3

9-19i1

1 11

P33

Rs8 1

Boll

As8 1T

R61 11

Bal 11

Kol 1

K62

K6l

L8k

1.85h

1.B5 - 004t

30 see

29 see

*t Measured by the authors
** Also measured from threshold to 37 MeV

14.1
141
14.4 £ 0.3

cf 6-12a1*?

14.5 £ 0.35

145 + 0.8

148 4 0.4

14.5 4 0.8

135 + 47

16.5 = 2

VI

FLUORINE

19 (n, 2n)

F¥(n, p) O

rel. : ef, 13-27b5
AlF(n. p) = 87 + 8 mb

*(n, =) N1

— 18 —

cf. 7-14al

cf, 7-14n2

cf. 7-1404

cf. 1-2a1

ef. 7-14a7

ef. 7-14al

ef. 5-11b1

ef. 3-1152

ef. 5-1142

VIl

Vi

CaF,, NaF
cf. 7-14al

CF,

CF,

CF,

AlFy-powder CFy,
thin target



11-23al

11-23b1

11-2362

11-2363

11-2364

11-23d1 dilf.

* Measured for 4 MeV == E, = 19 McV

I

P35

P53

B60

Mol 11

Wolir

A6l

2.6y

40 sec

40 see

37.6 sec

11

14.1 4 0.2 13.8 4. 2.2

14.5 -+ 0.35 339 + 15
14.1 £ 0.1 9+ 4
14.8 29 + 29

No measurements for®
“ Ep == 15 MeV

Na®*(n, p) Ne®* + Na*(n, pn) Ne®

141 ‘__[d'a] =
"laga] e

a) 57 + 20
b) 50 & 20

VI

SODIUM

Na*(n, 2n) Na*

rel. :
AF(n, %) = ?
Sandwich-method

Na®*(n, p) Ne®

rel. : efl 53-127a
1 (n, 2n) = 1200 b

abs, : proton-recoil-spee-
trometer.  Leaky i

grator

rel. : cf, 265443
Febi(n, p) = 395mb

— 20 —

Vil

B-activity ; 4% prop. coun-
ter calibrated with Na®,
Chemical separation

cf. 7-14al

B-activity,
served  as

Nal erystal
target  and
counter

ef. 11-23i2

Bactivity, 1%4" = 11"
Nal erystal served as tar-
get and counter

Shielded nuelear plate sur-
rounded by several targets
arranged in a cirele of
Beme . Only protons with
0~120° counted. Sepa-
ration of n,p- and a.np-
processes by stat, theory
with level densities :

a) g~ exp (-¢fT)

b) g~ exp 2{all}!s
Probably the cross-sec-
tions eontain n.d-processes

VI

2x  mean deviation

from 6 measurements

Stat. error

Deviation contains :

sLal. crror ; separation
of n,p- and nnp-
processcs

NaF: after chem.
separation NaCl (30-
80 mg)

NaCl

Nal erystal

Nal erystal

6 targetsof 2 1 em
and 640 mglem?
thickness



ARI Vi X
N&l“[ﬂ. x) [
Bou 12 see. LT o0l 29 - 10 53-127u Seaetivity Nal-erystitl e S, error Nal-erystal
1 2u) - 12Mimale el as Ll
ter
11-23%2 Mol 11 — RN 222 = 22 rel. : efl 29-63a3 Seactivity wion of the  Powder or forls
Cu®(n, 2n) - 556mb PropL couni experimental
Sandwicli-metlod with stamdard sourees [Hrints
112343 Wl 11 LT see. No measurement= for® el 112304
L MeV ==K, - <15 MeV

* Measured for 4 MeV = E, == 19 MeV

—



12-24b1
12-2462
12-24b3

12-24b4
12-24b5

12-24b6

12-24b67

12-2:4d1

12-24d2

il

it

P53 15h
D60 11 -
Ba6l Y =

K39 111 —_

€56 120

161 —

Gol 1V

Al -

(KNS —

1w

R XTITAS
L0
1450
1L90

1400
150
1190
15.00

*1 Measured for 12,5 MeV - Ey, -= 17.5 MeV

*2 Also measured for 12,00 MeV =
ared for 12,6 MeV =

= 19.50 MeV
17.1 Me¥

v
191 = 35
203 1 11
190 = 10
219 . 26

By
[E-art

VI

MAGNESIUM

Mg (n, p) Na*

rel. : ef. 16-3242
S¥(n, p) = 254mb

Vil

ef. T-l4al
cf. 26-56b1

Activation method

of. Lh-2862

ity measured with 3 unealibeated  geiger-counters, The exeitation

enrves were fitted at L3 MeV owith the eross-section for the same reaction
found by P53*

198 - 30
200 - 30
180 . 27
173 + 24
185 - 15
174 4 14
170 - 12
170 & 12

vy ancasured with
diameter by 4+ long
Nal erystal

Mg (n, p) Na®' - Mg® (n. pn) Na*

: [dﬂ]
T Ldo] e

a) 118 + 16
by 110 ¢ 16

da .
1:[ J = 2H3 .- 20

i)

means for 0 = 620,
730, 950, 1380, 1620

amd dl) = 109

el 11-23d1

ef. 16-32d42

VI X

Element

Uneertainties  prima- —
rily involve @ neutron

{lux ealibration of the

Nal erystal



12-24b1m

12-25b1

12-25h2

12-254d1 difl.

12-26b1

I

G591

1’33

Nig

Aol

Nig

11

20 msee®

O see

0l see

1.04 - 0,03 sce*

* Measured by the authors

v

141

148 4 0.8

Mg*(n, p) Nasim

HU b~ 36— rel. : ef. 29-63a Pulsed  neutron souree,
Cn®(n, 2n) = S00mb 1 pulsa/s

Fation : y-act

red between

v

entally  cali-
brated Nal erystal.

a) Total spectrum  was
recorded with a multi-

an experi

channel pulse height ana-
lyser

b} Deerease of the photo-
peak was measured wi
a time-analyser (C
width 0.1-3,10-% see)

Mg*(n, p) Na%
449 L 18 ef. T-14al

60 . 10 rel. : efl B-1603 of. 12-2601
(%0, p) = 89mb

Mg*(n, p) Na® 4 Mg®(n, p) Na®!

[d‘c' ef. 11-2341
i= o=

Iﬂ.l] 120

a) 67 1 10

by 63 L 10

Mg*(n, p) Na*

50 =5 rel. s ef, 8-1663 f-activity counted with
03(n, p) = B9mb a plastic-zeintillator

O i (-

Vi

Estimated total ereor

Thick target; 4.5 or
10 emz

Element

MgO, natwral  and
enriched Mg0549997,

cylinder 1-6 em g,
2-3 em height



12-26d1

12-26:1

12-g1 difl.

12-d1 diff.

1r

Aol

N8

Vil

1162 111

38.0 4.

* Measured by the authors

il

0.3 sce*

14.1

148 = 0.8

144 4 0.2

Vi

vi

Mg*(n, p) Na* + Mg*(n, pn) Na®

i ['dcl
N .dITIJ 1

Mg®(n, 2) Ne*

ef. 11-2341

ef. 12-26b1

Mg""(n, p 4 n, pn + n.np + n,d) Na

de
dn ] = 32 38
o0

means for 0 = 309,
450, 600, 900, 1200,
1330, 1500 and Eg <
6 MeV

abs. 2
a-from T{d, n) Het

Mg"'(n, p + n, pn) Na

88 9 means for 0
= 00-» 1500 in 300
rvals and 1, -
3 MeV

abs. : neutron flux moni-
tared by a BF, counter
calibrated with a Ra-Be
source and the n,p-scatie-
ring

S ¥ Iy

Shielded Csl ervstal in
coineidence with = from
T(d, n) %. a probably con-
tains (n, %) processes

Telescope with 3 prop.
counters amd a Csl-crys-
tal, Separation of n,p-
and  n.np-processes by
stat, theory

VI

1X

Height @ 25 MeV
energy loss for 6 MeV
protons ; calibration
with a polyetylene
fail



13-2Talm Moo

13-27h1 P33 10 min

13-27b2 Fi2 9.6 min

13-2763 YT 9.8 min

13-27b4 1’591 Q.46 - 0.02 min*?

*1 Measured from threshold 10 21 MeV
*2 Measured by the authors

145 = 0,33

14.1

141 + 0.15

148 =

v

0.8

of. 13-27b6*

524 4 14

79 4 5.5

82.2 4 6.6

5345

¥I

ALUMINUM

Al (n. 2n) Alzsm

Al¥(n, p) Mg

abs. ¢
e from T{d, n) He?

abs. :
a-from T(d,n) et
with ZnS counter

rel. :ef, 29-63a3
Cu*(n, 2n) —
Sandwich method

— 26 —

VIl

ef. T-14al

[-activity. 2 prop. coun-
ters 4 diffe
(+h5%:1

counters and geometries

Lgeametries

calibrated with standard
sources. Scattering  and
absorption in the torgets
determined by measure-

ments with

targets  of
different thickness: extro-
pelation to thickness o

Beaetivity, 2= and 4= geo-

metry.  Correetions  for
absolute & counting were
determinated

a) by measurements in
2 and 4= geometry
) by measurements with
targets of different thick-
extrapolation  to

eSS 1

f-activity, 2% geometry
prop. counter. Correetions
for absolute S-counting
computed (ef. N52: B33
HI: G51: B49; Z50:
J50: W53: €37 1)

Vi
Total error without
uncertainties in the

deeay-reheme

Total
sysie

rle experi
wl point: from
means

error without
deviations

al deviations of

-
the

Element, 1. . Pu-

rity =99 0

Flement ¢ dises 1.7-
thickmness

21l em g

4 mefoms
3 mglem



13-2765 Kol I == 1L5 o 0H

13-27h6 M =

ar Lk
13-2767 K3y 11 9.5 min 143 2 05
132704 'l 1L 9.0 - LA min®? Ikl =0l
13-2709 Mal 11 —_ LLR
13-27610 6o Lt - 15 = 0.4
13-27611 HA9 — 148

*1 Also measured for 12 MeV —=
*2 Measured by the anthors

=21 MeV

s e
sitation enrve fitted

BLE 4 L5

59 -6

HLE + 10

Vi

rel. t el 29-6308
Cu®(n, 2n) =

Sandwiel method

relo el 20-56h
v, ) — 110k
Sundwich et hol

rel. el 3-6h5
Li%(n. 1) = 25.H mh

rel. el 20-60u3
Cu®(n, 2n) 5330 mb
or ef. 13-27i8

Al¥(n, 2) = 11T mb
Sandwich method

—a7 —

Vi

el. 27-3901

 Nal ervstal of
uiel 1.H1
YA ram wis
recorded with o maulti-

clannel-unaly=er

Seaetivily, prop, connter
with o w i

ow of L5

nnglem®

penelivity Nal- well-
erystal of 3" - and 2"
height, and a holeof 17 2
and 17 deptli:: Do

=

ol the total spectrnm
of single y-lines recorded.
Corrections fur abs, -
counting anal. compunted
{el. Pol VI Decay-
scheme @ ef, 538

2z geomelry
Corrections

rrop- coun
for abs. f-counting com-

puted and experim, deter-
minated by standard sour-
ces

ef. 26-3007

weactivity. Nal erystal

Vi

Hel. vreor:
nuatie e

e =vsles

crror, (ther de-

m—=l0v,

Standand 1otal error

Mean deviation of the
experim. points

Element

eylinder
v height

BRI

Powder 20 my e
of 9 myge
9990,

Lapwe
1"

Flement. powiler in
vl of

il U7 heighnt

a o plexigliss.

Powder or [uils



I 11
13-27b12 s61 11
13-27613 K2
13-27h14 Go1Iv
13-27d1 AST I

13-27d2 diff. A6l

13-27d3 diff. S60

1§18

10.00 = 0.03 min*!

9.5 min

*L Measured by the anthors
*2 Also measured for 13.2 MeV == E, = [ 7.8 MV

v
141 = 0.2
L8 £ 0.4

14.35 = 0.1*

144
14.9

L1

14.1

11.1

0.2

0
=
+ 12
-

n o
&
oy
w

Al¥(n, p) Mg* + Al¥(n. pn) Mg*

M0 5 14

[l .

a) 87 - 11
b) 76 £ 10

2% 9918
a0 T

for d0} = (o—180°

abs,

a=from T(d, n) Het

alw, ;

a-from T(d, n) Het

abs. : proton recoil spee-
trometer

— 28 —

viI

feactivity, block of sand-
wiched targets: plastic-
and target- foils served as
counter and target, Cali-
bration by standard sour-
ces

cf. 5-1162

Nuclear plate, separation
of n, p- and n.np-proces-
ses by stat, theory. a pro-
bably contains n.d-pro-
cesses

ef. 11-23d1

Direct measurement  of
the protons by a shielded
Csl erystal, Approxima-
tely 2m geometry. Dis-
tance  from
erystal = 2 mm, Separa-
tion of n,p- and nnp-
processes by stat, theory,
Probably & contains n, d-
processes

target Lo

VI

Stat. deviation

Estimated total error

Estimated total error

Foils

Isotopically enriched
targets ; thickness 5-
12 mg/cm?

Isotopically enriched
targets:  thickness
~15 mg/em?



13-27d4 diff. Gol 11T
13-27d5 dill. H62 111
13-27el AST LI

13-27e2 dill. A6l
13-27e3 «lill. 162 111

13-27ed Wil Gol 111

i
-1

13-27gl dill. v

13-27g2 dilf.  H57

1 v

— 148 - 0.8

— 144 £ 0.2

= 14.1
- 14.1

== 14.4 4+ 0.2

- 14.8 £ 0.8

i [d’n ef. 28-5Rd4
dfl] -

a) 89 + 8 for the

isote, part

by 116 < 10 for the

total part, means for

10 angles between 09

and 1500

93 + 10 ef. 1221
for Ej;—~2.8 MeV
Al¥(n, np} Mg=*

Al (n, np) Mg
0+ 14 ef. 13-27d1
i [d'u' S el 11-2354

1746
for Ey>2.8 MeV

ef. 121
’ [da Yok 35 of. 28-58d4
o d'u] = I S B

means for 10 angles
between 07 and 1500

Al¥(n, p) Mg + Al¥(n, pn + n, np + n, d) Mg

[du
A% ] = L6
dl

means for 0 = 307,
450, 609, 900, 1200,
1350, 1500 and

ef, 12-g1

Ep=6 MeV
dea i 6 abs, ¢ recoil-protens in a  Nuclear plates cyl. arran-
* _g] =ME10 L ear plate ged around the

means for 0 = 309,
600, 900, 1200, [500
and dl) = 157

—80

Vil

Estimated total error

Foils, thickness 7.1

mg/em®

Al-foils;

7.1 mgfem®

thickness



1 I 11
13-27h1 P62 i
13-2%01 P33 15h
13-27i2 Fi2 15k
13-27i3 Y57 15.1h
13-27i4 P50l 15.00 = 006kR*E
13-27i5 Mo —
13276 K39 11 15.0h
13-27i7 Ka9 111 _
13-27i4 53911 S
13-27:9 Pol IV —

*! Measured by the authors

=

v
14.7
145 + 0.35
14.1
14.1 = 015
148 = 0.8
14.3 = 05
14.2 £ 0.4%
14,7 = 04
14.7 & 0.4
14.8%
13.88 & 0.10%*
14.09 = 0.10
1431 = 013
1450 = 0,20
14.68 = 1,26
14.81 = 0.31
14.93 = 0.30

v Vi

Al (n, t) Na*

< 0.02 —
Al (n, 2) Na¥

TH.9 16

135 £ 05

120 4 14

e 7

of. 13-2706%

1nr 9

rel. ; efl 3-0h4

Li%(n, 1) Het = 281 mh
for E; = 14.2 MeV
Leaky-integrator

117 + 8 rel. :
Uss fiss = ¥
128 - 6.4 abs. @
127 & 6.4 a-from
124 T, n) Het
120 |
118 -
115 & .
113 = 5

** Also measured for 7 MeV oaml 121 MeV = Ej, -= 19.6 MeV

NI | S

Vil

ef. T-14al
ef. 13-27h2
ef. 13-2763

of. 13-2764

ef. 13-2767

seaetivity, 3+ 3" Nal-
well-crystal with a hole of
34" o and 2" depth.
Calibration (total connts)
with

standard  sources

eaeti Nal
exp calibrated

erystal

Geactivity, 2z geometry
Correetions for absolute
“S-counting exp, determi-
nated (cf. B39 1), Ch
cal separation

Vi

Deviation vontai
neutron-flux @ ~7
stat, error ~3-3

calibration  ~6-9

e
o

target position ~3 %,

Powder, 314"z, 1/2"
height



13-27i10

13-27i11

13-2712

13-27i13

13-27i14

13-27i15

13270146

13-27i1m

*! Measured for 12.6 MeV =
** Also measured for 8.2 MeV

1

G54

Do 11

Inl

Sn2

Touw

Gollv

20 msee

11

141 0,04 il6 + 3.3
14.8 42 - 16
145 = 0.4 116 + 9

146 - 0,2 15 22
— 0,3

13.9% 95

140 HO

14.1 87

14.6 107

15.1 93

14 124 4+ 6
14.4 116 + 3
14.5 118 4- 5
14.7 115 £ 6
14.8 109 + 3
145 40 = 20

VI

abs. :
= Trom T(dn) Het

abs,
a from T{d.n) Het

rel. @ ef. 20-63a3
Cu*¥{n, 2n) = 556 mh
Sandwich-method

A[ﬁ:‘[", ,_) Naﬂm

VIl

Feactivity. 2z and 47 geo-
metry :  corrections  for
abs. S-counting exp. de-

atel (ef. B39 1)

term

Nuclear plate. Al- foils
between the plotes, Sepa-
ration of 5 and a by the
« temperature method »
(el D31). Separation

of m.ox-: ponz-and
1,20 PTOCesses

Seactivity, prop. counter

of. 12-24b6

el 37-87ul

ef. 12-24b1m

VIIL

Estimated total error

Estimated tatal error

Element

Al foils of LB mglcm*

thickness

Thickness :

om?

27 gl



1 I 111 v v Vi viI VI

SILICON
Sit8(n, p) Al
14-2851 P33 2.4 min 14.5 = 0.35 220 + 50 ef. 7-14al
14-2862 K39 I11 -_— 14.0 4 047 40 + 57 cf. 13-27i7
14.2 = 0.4 365 + 29
14.7 4+ 0.4 340 4+ 37
15.0 £ 0.4 303 + 30
14-28b3 C56 — of. 12-2458%2
14-28h4 Fs8 11 — 14 ~380 — —_ s

Si®s(n, p) Al* + Si*h(n, pn) Al#

14-28d1 diff. A6l — 14.1 4 l‘n‘a ef. 11-23d1
4=

]
a) 243 | 22
by 246 4 22

Si*(n, np) Al¥
14-28el Adl — 14.1 P {do] ef. 11-234d1
) du Iinn B
27 4+ 20
Si®(n, p) Al*
14-2951 P53 6.7 min 14.5 4 0.33 101 & 30 of. 7-14al
Si®(n. 2p) Mg
14-2941 B62 11 213k 14.7 =0.50 —_ —_ —_

*' Also measured for 12.33 MeV=E;=18.24 MeV
** Measured for 12,5 MeV == E, == 17.5 MeV

—ae



I 11 I v v Vi Vit Vil

Si®(n, =) Mg*

14-30i1 Pa3 10 min 14.5 = 0.35 15.9 L 25 ef. T-1ul

Sitat(n, p - n. pn) Al

4-d1 il Te2 111 — 144 = 0.2 160 - 16 of. 12-d1
- 2.9 MeV

e B



15-31al R38 11 2.4 min 14

15-31a2 Foo e 14.74 + 0,279
15-31a3 R61 11 253 = 0.12 min** 144 1 0.3
15-31a4 K62 2.55 min 1h8 o 0.4
15-3161 P33 2.7h 145 4 0.35
15-31h2 "52 170 min 14.1

15-3163 G5B 2,65k 14.1 + 0.04
15-31h4 K62 2.65h 14.8 & 0.4
15-31d1 diff. A6l — 14.1

15-31d2 dilf. He2 111 —_ 144 + 0.2

*t Alse measured for 12.5 MeV-= E, == 18 MeV
*2 Mcasured by the authors

PHOSPHORUS

P#(n, 2n) P
119

8.7 =27

rel, : of. 29-63a
Cu®(n, 2n) = 507 mb
Sandwich-method

P (n, p) Si

P4(n, p) Si** -+ P3(n, pn) Si®

[dcr
n|= —
d0y0”

a) 184 = 14
b) 114 2 14

155 + 16
for Ep = 2.9 MeV

—_ 34 —

VIl Vi

of. T-14a2
ef. 7-14a3
ef. T-14a7

y-activity, measuring of  Probable total error
the area nnder the photo-
peak with a 3 = 3" Nal
erystal. Calibration with

standard sources

=

cf. 7-14al

ef. 13-27b2

™

ef, 13-27i10

ef. 5-1162

of. 11-23d1

ef, 12-d1

Powder

IX



15-3lel diff,

15-31e2 diff.

15-31f1 daft.

15-31i1

15-31i2

15-31i3

1

Al

62 111

Co0 11

P53

K62

Gol v

111

2.4 min

2.3 min

144 2 0.2

14.5
14.5 < 0,35
148 & 0.4

13.9 -+ 0.15*
14.4 - 012
149 £ 0.1

* Also mcasured for 13 MeV=E,-=16.6 MceV

v

[du
. _] =
A0

163 £ 14

70 14
for By = 2.9 MeV

145 4 2.8

146 4 30
153 & 20
119 1 5

117 4 5
116 + 5

Vi

P (n. np) Si*

P4 (n. d) Si®

abs. :
proton-recoil-telescape

P (n, 2) Al*

— 35 —

Vi1

el 11-23d1

of. 12-d1

Telescope : 2 prop.-coun-
ters in eoincidenee with a
Csl erystal and 1 prop.
counter before the target
in anticoine, to the other
counters

ef, T-1ial
ef, 15-31a4

cf. 12-24510

Vil

IX



16-3261

16-3262

16-32d1 diff.

16-32d42 diff.

16-3243 diff,

16-32el diff.

Ir

Pa3

ASTI

A6l

cen 1

E59 111

A6l

14d

14.3d

I

w

14.5 £ 0.35

13.89 4 0.025*
141 4 0.4
14.32 4 0.16
14.53 -1 0.26
14.70 1. 0.29
1483 & 0.40
1493 | 045
1495 5. 0,47

14.1

14.1

141

* Also measured for 1.59 MeV = Ej, = 14.95 MeV

v
369 4 44
257 + 13
248 - 13
231 ~ 12
225 .. 12
220 + 11
213 4+ 11
213 & 11
214 5 11

S5%(n, p) P2 4 5%(n, pn) P9

[dr:
x| - =
40,0

a) 365 4 25
b) 289 - 25

VI

SULPHUR

S'.ls(n, P) Pae

rel, : 5%(n, p) =
254 — 10 mb for

Ly == 1410 = 0.04 MeV
abs. : for Ey= 14.10 MeV

a from T(d, n) He!

l[d“ 109 .10
o[ = w1

means for | = 620,
750, 959, 1380, 1620

and d0 = 100

185 = 30 lower limit  abs, :

for g. E;=5 MeV

in d—ﬁ] =
du Itﬂ"

105 4 25

S®(n, np) P

— 36 —

proton recoil telescope

ViI

ef, T-14al

f-activity, 4% geometry,
prop. counter. Chemical
separation

ef. 13-23d1

ef. 15-31f1

Telescope : 2 prop. coun-
ters in coincidence with a
Csl

cof. 11-2341

Vi

Probable error

Element

Element 1"'¢ ; thick-
ness = 3/32"

Element 31 mg/em®



16-32f1 T,

16-32h1

16-32h2

16-34b1

16-34i1

16-34i2

S TH I

16-el (il

16-i1 diff,

11

Co0 11

W62

Po2

P53

P53

AT

162 111

162 111

has 1T

12.4 sec

1v

145 4 0,35

LL10 & 004

1hi = 0.2
1h4 0 0.2
14.8

0020 & 0005

< 02
B5.2 - 38
138 = 35
126 - 7

206 - 21 for
Ej > 2.8 MeV

73 = 15 for
Ep = 2.8 MeV

38.2 = 1.6

vi

5:;2(,,1 d) Pn

S:r: (l'l, ..) P:su

S¥(n, p) P#

S:"(ﬂ, 1] Siat

rel, ; ef, 16-3252
5%(n. p) = 254 mb

Suat(n, p + n, pn) P

Swat(n, np) P

Snat(n, %) Si

abs. 2
x from T(d, n) Het

—37 —

vl Vi
ef. 13-31f1
ef. 29-63all
Connting of the tritium —_

in alow-background prop.
counler

cf. 7-14al

ef. 7-14al

of. 16-3262

ef. 12-d1

el 12-d1

Nuclear plate: Separation  Estimated total error

of n,z-:n,nz- s and n. xn-

processes

5.4

Element

Snot 254 mgfem?



17-35alm
17-35a2m

17-35a3m

17-35a4m

17-353a5m

17-35d1 diff.

17-35i1

17-35i2

17-37b1

P33
8591

R391

Rl 1T

K61 1T

Ahl

Pa3

8391

Pa3

11

33 min
32.4 min

37.7 min

31.2 = 0.6 min®

33 min

T4d

14.5d

5 min

* Measured by the authors

L5 = 0.35

14.8 4 0.8
14
That = 0.3

141
L5 &+ 035
148 £ 0.8

145 = 0.35

347 + 156
5.6+ 2

5.3 4+ 0.4

5.42 & 0.41

12 .+ 1.8

Cl%(n, p) 5% 4 Cl%(n, pn) S*

_[n‘u

“Lan] e
a) 125 &+ 38
b) 107 + 38

191 -+ 30

199 = 32

VI

CHLORINE

Cl%(n, 2n) Clm

rel. : ef. 29-63a
Cu(n, 2n) = 500 mb

rel, : of. 26-56b
Feit(n, p) — 126 mb
Sandwich method

CI(n, 2) P

Cl¥(n, p) S%

— 3 —

Vil

cf, 7-14al
el 17-2452

Greactivity: 0511 MeV
annihilation
measured in coincidence
with 2 Nal seint. connters

radiation

ef. 7-14a7

Benctivity, prop. counter,
Correetions for abs, A

counting computed

ef. 11-23d1

efl 7-14al

ef. 17-3702

ef. 7-14al

VIII IX

No systemalic errors =

Error contains : Powder 20 mg/e’m.

in tape of 9 mg/eim.

Purity 99.9 9

neutron flux 2.5 90
statistics 2-8 9,
deeay const. 19,
r-pulses 3 2

NILCl; NaCl



17-3762

17-37b3

17-37il

17-37i2

* Measured for 125 MeV-=E, -=<17.5 MeV

5591

56

Pi3

S591

11

12,4 see

12.5 see

v

L8 = 08

145 = 0.35

1eg £ 0.8

cf. 12-24h8*

324 4 25

438 £ 7

VI

rel s ell 29-63a3
Cu*(n, 2n) = 336 mh

CI(n, =) P

— 80 e

VIiI Vin

A-activity, plastic-=cintil- =
lator or prop. counter,

Seattering and absorption

of the & in the target is

supposed to be the same

as in the Cu-monitor

ef, 7-14al

ef. 17-3752

Cell39.5-12.7 e,

thickness :

o

~H5 mg/



19-39al

19-39a2

19-39a3

19-39a:4

19-3941

19-39¢1

19-39i1

19-41b1

11

P33

R58 11

Ro1II

kol 1T

Boo

1360

B0

1'a3

11t v
7.7 min 14.5 4+ 0.35
7.7 min 14
7.7 = 0.5 min 14.4 4 0.3
7.7 min 148 + 0.5
—_ 14.1 £ 0.1
- 141 £ 0.1
— 1k 4 01
L min 145 £ 033

POTASSIUM

K*(n, 2n) K*

K»(n, p) Ar*® - K*(n, pn) Ar*
354 - 53 rel: Ki(n, p) < Kljnnp)
+ KI{n,x} = 630 mb and

I{n, p) neglected (cf, 33-
12751}

K#(n, np) Ar*

186 & 27

K#*(n, «) Cl*

B 213 ef. 19-39d1

K¥'(n, p) Actt

#L2 & 325

— 40 —

VII VIII

ef. 7-14al
ef. 7-1402
cf. 7-14a7

ef. 17-35a5m

Total o measured for all  Stat. error
charged particles produ-
cedin the KI erystal. K1
in coincidence with x from
T{d, n) He?, Scparation of
a-, pe, and y-pulses by
pulse - shape - diserimi
tion. Scparation of n,p-
and  nnp- reactions by
stal. theory

ef. 19-39d1

Instewd of n.p-3 nyonp say n, 25 n,nx

of. 7-14al

X

KI-crystal

RAO,



I 1 1l v ¥ Ay Vil vin Ix

K'(n. Hev) Cl

19-41f1 B62 11 35.5 min 14.7 < 25 - - — —
Ki'(n, 2p) CI"
19-41h1 B62 [1 L4 min 147 << (090 - — — —_
Kt (n, ) CI*
19-41i1 P53 A4 min 145 - 035 it 1l ef. T-14ul KNO?
19-4142 Bob A min 141 £ 0.1 12 £ 13 rel. : ef. 53-12%a f=aetivity. Kl-erystalser-  Stat, ercor K1 erystal
1'*%(n, 2n) = 1200 b ved as target and b
counter

e



20-40d1 difl.

20-40el diff.

20-40h1

20-42b1

20-4452

A6l

Abl

w2

Ho2 1

Hez 1

1237 L 0.09h*

22 4 (L3 min®

* Measured by the authors

14.1

14.1

147 &

149

14.9

0.3

Ca®(n, p) K" + Ca®(n, pn) K®

[d’a

4 =
rﬂ] I!lln
a) 431 + 38

b) 298 - 38

; r‘a]
Tld0]

205 . 3

< 0.1

140 - &

25 4 12

T

bl

Vi

CALCIUM

Ca®®(n, np) K*

Ca"(n, 1) K#

Ca*(n, p) K=

rel. : of. 13-27i10
Al¥(n, &) = 116 mb

Ca¥(n, p) K¥

=

Vil

ef. 11-23d1

ef. 11-23d1

efl 29-63al1

y-activity, measuring of
the arca under the photo-
peak with a 1 » 115"
Nal erystal

cf. 20-42b1

Vi

Mean total error

CaCO,



20-4:4 1

20-48al

In2 1

Hez 1

1.B5h

14.9

119

v

CaY(n, o) Ar"

35 4 10 efl 20-4261

Ca®(n, 2n) Ca"

1070 -+ 360 ef. 204251

EETY L. Y

Vi



I 11 1r 1w v Vi Vi vin

SCANDIUM

Sc¥¥(n, 2n) Sctte

21-45aly Pal 1 3.92h 1401 = 010 ef. 22-46a2
14.09 - 0.10
1431 + 013
14.50 + 0.20
14.68 + 0.26
2[45«2&1' M6 1T — 1.8 179 - 27 ef. 11-23:2
21-45alg JHOW O = 008%2 144 + 0.3 198 - 15 ef, 7-14a7
21-45ady K39 11 RRUS 143 = 0.5 129 = 9 ef, 13-27467
21-45a5g Kol Il 401k 148 < 05 g = 22 ef. 17-35a5m
Sc®(n, 2n) Sctiw
21-45alm Pal 1 2440 1401 + 0.lo 107.4 L 3.5% ef, 22-46al
14.09 + 0.10 116.2 + 3.7
14.31 = 0.13 127.3 4+ 4.1
14.50 + 0.20 134.3 4 4.3
14.68 < 0.20 LT £ 46
21-45a2m Mal 11 —_ 148 149 + 22 ef. 11-23:i2
21-45a3m Ro6l 11 59.1 -+ 1.2h*® 144 = 0.3 149 = 11 el 7-14a7 Se, 0,
Set(n, 2n) Schitot
21-45alt Pol I e 14.01 = 010 cf. 22-46a2
14.09 + 0.10
14.31 -+ 0.13
1450 + 0.20

14.68 - 0.26 349.0 4 9.1

*t Also measured for 116 MeV == E,, = 19.6 MeV
** Measured by the authors

=T



21-45b1

21451

21-453h1

21-4511
21-45:2

21-45i3

Il

Pal

Bo2 11

B62 11

kv Il

Mol 1

6l

111

22 min

12.4h

Se®(n, p) Ca®

1409 - 0.l
1431 - 0.13
1434 - 0.20
1481 031

Sets(n, He?) K13

14.7 = 0,30
Sets(n, 2p) K»
14.7 < 0.21 =
Sc¥i(n, 2) K
14.3 - 0.5 132 &- 8
14.8 63 & 9.5
14.09 & 0.10% 35 L 2.7
1431 £ 013 55 - 2.7
14.50 =+ 0.20 56.3 + 2.8
14.81 - 0,31 535 + 2.7

Vi Vi

ef. 22-46a2

ef. 13-27h7

of. 11-23i2

ef. 22-46al



22-46al

22-46a2

22-46n3

22-46a4

22-46b1

22-406b2

22-46d1 il

Ra8 11

P61l

P59l

Rol 11

P39 1

R62

Abl

11

2.9h

3.09

3.06 -+ 0.08k%

2.91 + 0.06h**

85 + 2d*

14

13.88 = 0.10%

14.09 = 0.10
14.50 & 0.20
14.93 - 0.36
14.8 . 0.8
144 4 0.3
14.8 - 0.8
14.1

*1 Also measured for 13.4 MeV-= E, == 19.5 MeV
*: Measured by the authars

ki Vi Vil v

TITANIUM

Tit%(n, 2n) Ti*

279 of. T-14a2

7.0 41 rel, 1 ef, 13-27i9 [f-activity, 2x geometry. —_—
13 4 3 Corrections for absolute

28.0 + 3 [f-counting exp. determi-

5 3 nated (cf. B59 I). Measu-

ring of the activity after
chem. separation

504 & Bl of. 13-27b4
318 i 2.4 of, 7-1407
Ti%(n, p) Sc*®
~520 of. 132764
~240 - - —

Ti%(n, p) Se® + Ti* (n, pn) Se®®
e ef. 11-2341
4= =
),
a) 203 + 20
b) 196 & 20

¥

Element, dizes, 1.5-
2.1 em = thickness
3 mglem?

Element, nat.. dises
1.7-21 em @ 8 mgf.
em? thickness. Ti0,
powder  enriched

Ti"(86.6 ), Ti"
(811 93), Ti"'(84.69

o
‘o



224761 P39l 345 L 0.06d4%
22-47b2 Ro2 —
22-47d1 diff. Anl .
22.48b61 P33 L&d

224842 Piol 140 £ 0.9h%
22-48563 Gollv —_
224841 diff. Anl -
22-49h1 Pav L 38 = 2 min®
224952 K5911 56.3 min

*! Measured by the authors

** Also mcasured for 12.7-=E, = 17 MeV

14.8 = 0.8

145 = 035
14.8 & 0.8
13.9%

144 = 015
15

14.8 = 0.8

14.3 4+ 0.5

230 . 39

170

Ti¥(n, p) Sc¥ + Tit"(n, pn) Sct

il [g]mu :

a) 12 = 16
By 111 & 16

92,7 - 32,4
58 4+ 6.7
66 4 2

66 1 3
65 & 3

Ti%(n. p) Se** + Ti*¥(n, pn) Sev

[, -

a) 29 + 8
b) 29 - 8

2945

97 £ 17

Ti¥(n. p) Sev

Ti*%®(n, p) Sc#*

Ti*(n, p) Sc*

i

Vi

ef. 13-27h4

ef. 11-23d1

ef. 7-14al
ef, 13-2704

el 12-24b10

ef. 11-234d1

of. 13-27b4

of. 13-2767

v

ef. 22-46b1

TiHx

cf, 22-16b1

ef. 22-16h1



22-5061 I

22-5062 1

[
3

061 IT

e

22-30h1

22-d1 it

P59 1

K39 1T

P39 1

B62 11

162 11

11

1.80 = 0.20 min*

1.35 min

22 + 0.3 min*

8.8 min

* Measured by the authors

Ti#(n, p) Se= 1

148 & 0.8 2T+ 6
143 + 0.5 147 £ 13

Ti®(n, p) Se* 11
14.8 4 0.8 4815

Ti#(n, 2p) Ca'®
14.7 = 010 =

Tirat(n, p + n, pn) Se
144 £ 0.2 35 £+ 4 for
Ep = 3.7 MeV

— 48 —

Vi VHI

el. 13-27h4

el 13-2767

cf. 13-27b4

ef. 12-d1

X

ef. 22-46b1

cf 22-46b61



23-51al

23-51b1

23-5162

23-51d1 diff.

23-51h1

23-51il

23-51i2

23-51i3

A58 1

P53

Psl LIV

Abl

B62 11

B62 11

P53
K58 111

B61 111

I

6 min

57 min

L7 min

1.8d

44h

w

14.1

14.1

14.7

14.7

14.5 4 0.35
14.8

14.4 - 0.3

v Vi Vil

VANADIUM

V5! (n, 2n) V&

660 4 50 of. 1-2al

Véi(n, p) Tio!

27 4- 4 cf. 7-14al

[du] ef. 11-23d1
A |- =
120"

Véi(n, He?) Sc#

< 0.33 — —_—
Vol(n, 2p) Sc®

< 0.30 = o
Vﬁl(n§ D‘.) Sets

28.6 &+ 7.8 ef. T-14al

43.2 + 8.5 ef. 16-i1

43 &3 cf. 29-65al

S )

VIl X

Element

V.0

Element,

2.54 mglem®



23-51k1 Bo2l Bl-th 141 & 0.1%

23-51k2 B2 11 3.4d 14.7

*! Also measured from threshold to 19.6 MeV

Vei(n, nz) Se¥*

3+2 rel, el 13-27¢
AlF(n. 2) = 118 mb

— 5) -

ol 29-65a8

Vil

Vi

V.0, powider



1 11 1
24-50al R58 11 38.5 min
24-50a2 Mol 11 —
24-50a3 R61 11 385 £ L5 min
24-50a4 K6l 11 41.6 min

24-50d1 diff. A6l -

24-50e1 diff. Abl —
24-52al Wol -
24-52a2 H62 1 -—
24-52b1 P53 3.9 min

* Measured by the authors

w

14
14.8
14.4 £+ 0.3

148 4 0.5

141

14.1

14.9

14.5 - 0.35

CHROMIUM

Cr*(n. 2n) Cr*
25.4
a3
26,4 4 2.2

27 + 6.8
Cr*(n, p) V¥ 4+ Cr¥(n, pn) V4

3l du]
“Ldo i

a) 265 4
b) 277 + 20

Cr®(n, np) V#
doy

o [dﬁ s
153 4 21

Cr®(n, 2n) Cr¥
280 + 50 rel. : of. 13-27i10

AP{n, ) = 116 mb

280 & 50

Crt2(n, p) Vo
7211

I 4 Lo

Vil

ef. 7-14a2
cf. 11-23i2
ef. 7-14a7

ef. 17-35a5m

ef. 11-23d1

of. 11-23d1

-activity., Measuring of
the area under the photo-
peak and K-electron cap-
ture

ef. 20-48al

ef. 7-14al

VIII

Tatal error

X

Element



24-53262 Ko 111 — ThO 4 04
L2 0.
145 4 0.4
14.7 + 0.4
15.0 4 0.4
15.0 = 0.4
24-5263 Mal 11 — 1.8
24-32b4 Fas 11 —_ —_
24-52b5 ol 11 — -
24-32d1 difl. Ail - 141
24-53b1 Cor — 148
24-53d1 (il A6l — 14.1

* Also measured for 12.33 MeV = E,, = 18.24 MeV

v VI Vit

133 - 15 cf. 13-27i7

109 - 13

106 = 10

113 + 12

114 £ 11

- 10

105 & 10 ef. 11-23:2
~103 - -
#3 - 10 —_ 5

Cr¥(n, p) V& 4 Cr¥(n, pn) V&

[dc ef, 11-23d1
. ] i
du 1290
a) T4 10
by 67 & 10
Cré(n, p) Ve
3744 - e

Cr¥(n, p) V& - Cr (n, pn) Ve
de ef. 11-23d1
'lﬂ[' ]l:n" =

a) M & 6.6
by 48 + 7.2

R

Vi Ix



25-53al
25-55a2

25-55a3

25-55d1

25.551

25-33g1

25-55h1

diff.

I

Wol I
W6l IT

HA2 1

Al

B62 1T

Asg 111

B62 11

P33

Kag 111

1II

291d

1.7 min

@
o
@
=
a

A9 min

14.1

11.8

v VI VII vin

MANGANESE

Mn®(n, 2n) Mn®

600 4 120 of. 24-51al
825 + 190 of. 20-65a10
600 4 120 of. 20-48al

Mn%(n, p) Cr*® ++ Mn%®(n, pn) Cr

N [dﬂ] of, 11-23d1
“laode

a) 43 £ 7
B) 45 4 17

Mn®(n, He?)y Vo3
< 0.42 — —_ —
Mn®*(n, p -+ n, pn -+ n,np -+ n,d) Cr
110 4 15 rel. ; ef. 28-b, d Nuelear plate —

Nitaln, p) = 0 mb

Mu%(n, 2p) V&t

< 0,36 — e o

Mun*(n, =) V=

535 .- 7.9 of. 7-14al
39.4 - 8 of. 16-i1

S T

12 mgfem® thickness

Mu0,

3.3 mg/em?® thickness



25-55i3 G IV — 14.3 £ 0.1*
14.7 4 0.2
14.9 £ 0.2

25-55i4 F611 — 14.8

* Also measured for 12,4 MeV=E, =< 17.7 McV

3142
33 43
3442

11.8 + 0.7

— 55 —

Vi

VI



26-54al
26-54a2

26-54a3

26-54a4

26-54a5

26-54b1

26-54d 1

26-54d2 diff.

26-54d3 difl.

R38 11
P6l I

c611

Dao 11

R61 1T

P61 11T

ASTIE

AR9

AbL T

111

9.8 min

8.3 & 0.5 min*

B.4 = 0.4 min®*

8.80 < 0.24 min*

260 = 154*

* Measured by the authors

1w

14.1 = 0.1

14.8 = 0.9

15 + 0.4
144 1 03
141 01
14.1

141

141

IRON

Fe¥'(n, 2n) Fe®®

16.7
12
1.9 2 0.8
~1
15.0 = 1.3
Feb(n, p) Mn*

254 + 28

Fe*(n, p) Mn® - Fe¥(n, pn) Mn®
460 3 92

s i abs, :
a) in = 395 for w-from 'T(d, n) Het

d) = 900— 1800
o

by 2 0 - 415 for

€} = 0"— 180"

i do

b [dﬂ i2e” B

a) 382 4+ 13

b) 382 + 13

— B e

VII VIII

ef. 7-14u2
of. 13-27b#

of. 27-59alg

ef. 26-56b11

cf. T-14a7

ef. 13-27b8

ef. 13-27d1

Shielded nuelear plate -
surrounded by  several

targets arranged on a eir-

ele. Separation of n.p-

and  nap-processes by

stat, theory

ef. 11-2341

X

Element

Fe 0,

enriched (99.6 9;)
thickness 10-55 mg/
em?

thickness ~27 mg/
cm?

Element

Element

Fett enriched, thick-
ness 5-12 mgfem?

Fe® enriched :
—88.4 95 ; thickness
27 mgfem?*



26-54d4 il

265445 difl.

26-34el

26-54e2 diff.

26543 dill,

26-54hIm

26-56al

S6i

Mag 1

AT

Aol

Mag 11

(K

Pol I1L

Coll

Hoz 1

1

21 = 2 min*

25 & d*

25 = 5d*

* Mearured by the authors

141
14.1
135 0.1
148 2 0.9
1 L0
14.8 = 0.9
149

dn

9

T an
dil =

306
376

07— 1800

for isotr.

far

224

0.6 0.1
131 4+ 24
270 = 135
440 1 88

VI

= 333 - 66 for

wart  abs, @ orecoil protons inoa
[} 1
nuclear plate

Fes'(n, np) Mn®

Fes(n. t) Mns2m

Fe¥(n, «) Cr®!

Fe%(n, 2n) Fe®=

vil Vil

ef, 13-27d3

Nuelear plate, Separation —
of n, p- and n, np-proces-

ses by stat, theory. & pro-

bably contains n. d-pro-

CCRECs

of. 13-27d1

el 11-234d1

ef. 26-34d5

of. 27-39alg

ef. 13-27h8

of. 27-59alg

ef. 20-48al

X

eV enriched @ 67 Y,
thickness 7 mg'em?

ef. 20-54a3

of. 26-34ad



26-56b1
26-56b2
26-56b3
20-56b1

26-36b5

26-56b6

26-36b67

26-50b8

26-5069

26-56b10

26-56d1

26-56d2 difl.

53

F32

Pal 111

call

K59 11T

T58

B621

A5TIL

Abl

1 1v Yy
2.6k 145 4 0.35 46,7 - 116
2.39h 14.1 124 + 12
2.57h 14.1 & 015 144 5 19
2,58 . 0.03R% IERREN 112.5 = 5.6
2,56 = 0.11h*! 148 + 0.9 128 + 13

— 14 7247

—_ 15 - 0.4 128 + 13

i 1527 4 033 131 15

VI

Fe*(n, p) Mn®

rel. : ef. 29-63a3

Cu®(n, 2n) = 556 mb

Sandwich-method

Rel. measurement, Experimental®® curve was fitted by o = 110 £ 10 mb

for B, = 143 MceV

Rel. measurement. Experimental curve® was fitted hy o = 112.5 mb

for Ey= 14.1 MeV cf. 26-56b4

Fes(n, p) Mn® + Fe¥(n, pn) Mn®*

— 14.1 190 + 38
— 14.1 [Jc
i= ] -
050"
a) B2 £ 7.3
by 86 4- T

*! Measured by the anthors
*2 Measured for 3.4 MeV == E;, == 8.2 MeV and 124 MeV-=E, = l'{ 9 MeV

*3 Measured for 13 MeV =E, == 19 MeV

— 58 —

Vi

ef. -14al

of. 13-27b2
cf. 26-56b3
ef. 13-2768

of, 27-29alg

Activation

f-activity, prop. counter,

nearly 2n geometry

ef. 13-27i7

[B-activity, geiger counter

of, 13-27b8

cf. 13-27d1

ef. 11-23d1

X

Element

Element-nat, Fe,0,
enriched : Fe*"(78.4
9.): Fe®{76.7 9%)
thickness 10-25 mg/
cm®

Foils of LB cm?,
thickness 27 mg/om?

Fenatl0” long '"2



26-5603 (il SO0

26-56d1 Ml AR 1

26-5hel il A6l

20-57h1 Pol
26-57h2 cont
26-57el oLl
26-38b1 (KO
2h-5Hrl [EON
20l ASH L

1.4 -= 0.2 min*

1.5 = 01 min*

2,56 2 0.208°

L1 = 0.1 min®

35 = 0.1 min*

* Measured by the authors

v

11

13.5 = 0.1
141

Lhl =0l
b =09
148 £ 0.9
L8 L 09
14.8 = 0.9
11

" der BT
T ¢

for di} = 0*— 180"

73 for dsobr. part
95 for total

Fe(n, np) Mn®

- e B
BT

Fe¥(n, p) Mn*
S0 8
T1+7

Fe¥(n, pn <+ n,np 4 n,

6.1 - 26

Fe#(n, p) M
23 35

Fe(n, z) Cr®
215 4- 2

Ferat(n, 2n)

500 + 40

Vil VI

ef. 13-27d3

ef. 20-54d5

ef, 11-23d1

ef. 13-27h8

ef. 27-59alg

d) Mn*

cf. 27-39ul g

ef. 27-5%alg

of. 27-5%alg

ef. 1-2al

Fe* enriched :
thickness

cl. 26-5665

ef. 26-5605

ef. 20-56b5

el 20-56b5



1 IT 111 v Y VI VII VITL

Ferut(n, p + n, pn)

26-d1 diff, H62 111 - 144 4 0.2 102 = 10 for of. 12-d1
E, = 2.8 MeV

Ferat(n, p + n, pn + n, np + nd)

- ['-'3] 90 - 15
dll

means for 0 = 300,

459, 600, 900, 1200,

1350, 1500, and E,, =

6 MeV

-
|
-
i

26-g1 diff. A of. 12-¢1

— 60 —



J: 11 1T w ¥ Vi i Vil 1X

COBALT

Co*(n, 2n) Co™ - tot.

27-39ale Won 11 - 14.5 = 0.5 H35 - 190 ef. 29-65a10
27-39a2t B6l 111 70 4 2d* 144 & 0.3% 64 & 64 cf. 29-65a8 Col
for Co®t9
27-5%3t Ho1 1 —_ 14.1 630 + 126 cf. 20-48al
27-59a4t Gol IV - 1425 -+ 0.05*  AT0 - 130 — — — =
145 £ 0.1 930 4 100
1475 + 0.1 1020 -+ 120
15 + 015 970 4 100
27-59a5t Woz Th4d 13.86 4 0.10 727 + 58 of. 29-63all
for Co*d 14.11 + 0.10 776 L 62

1437 £ 0.15 767 4 61
1459 £ 020 H23 & 66
1477 -1 025 827 & 66

Co®(n, 2n) Co®s

27-3%alg o0 1 T2d 14.8 £ 0.9 45 + 5 rel. : efl 29-65a 5= and y-aetivity el 13-27b4 Element, dises, thick-
Cu®(n, 2n) = 1000 mh: «) f-activity : efl 13-2764 ness : 3-35 mgjem?
ef. 13-27i : Al¥(n, 2) = b) y-activity : 1 = 1.3"

115 mb ; ef. 29-6303 : Cu™  Nal crystal. Correc
(n, 2n) = 556 mh for abs. y-counting ef.
Sandwich method B35 1

Chemical separation

s

27-5%a2g Wao 11 T1d 14.5 - 0.5 473 + 120 efl 29-65al

*! Measured by the authors
** Also measured for 12,6 MeV == E) =< 19.6 MeV
*3 Also measured for 12,6 MeV = E; = 17.1 MeV

e



27-59lm

27-5%a2m

27-59b1

27-5952

27-39d1 diit.

27-59d2 (il

27-5943 Y.

27-59¢1 dliff.

275971

Moo 1

B62 1

Pon 1

Woo 1T

Aol

S60

He62 11

H62 11T

B62 11

111
9.0 4 0.2hm
Gh
45d
L7 min

*! Measured by the authors
** Also measured for 12.6 MeV == E, == 19.6 MeV

v

14.8 + 0.9
14.5 = 0.5*
14.8 = 0.9
14.5 £ 0.3
14.1

14.1

144 4 0.2

144 + 0.2

147

Co*(n, 2n) Co®m

Co*(n, p) Fe®

Co®(n, p) Fe® + Co*(n, pn) Fe®

da
o[2],.-
dl],z°

a) Bl 4 10
b) 61 £ 10

i
2.2 75415
df
for di} == 0o — 1800
48 + 5 fur
Ep > 3 MeV
Co®(n, np) Fe™

~11 for Ep > 3 MeV

Co*(n, He?) Mn¥

= 0,10 =

L

Vil VIII

[ 27-3%alg

=

268-65ab

of. 27-39%1g

ef, 29-65al10

ef. 11-234d1

ef. 13-27d3

of. 12-d1

cf. 12-d1

X



1 11 11 v v Vi Vil Vi X

Co®(n, =) Mn?

27-39il P33 2.6h 14.5 4 0.35 39.1 = 1.5 ef. 7-14al
27.59i2 P60 1 2,57 = 0.02h* 14.8 £ 09 30 + 3 of. 27-39nlg
27-39i3 Big 2.59% 14.05 £+ 0.55 31 L3 rel. : ef, 26-536b Heactivity, prop.-counter,  Estimated total error Powder 3/4'" ¢ 1 1/27
Fe'*(n, p) = 110 mb Corrections for abs. £- thickness : 3/4-1 mg/
Sandwich-method counting : ef. N32, J50. cm?®
Chemieal scparation
27-59i4 k38 111 — 14.8 2545 ef. 16-i1
27-59i5 W60 11 2.58h 145 £ 0.5 29+ 6 of. 29-65al0
27-39i6 G611V — 14.3% 36 4 4 — — s e
15.0 04
27-59i7 B61 111 2,57h 14,4 £ 0.3% 2923 ef. 29-65q48

*1 Measured by the authors
*2 Also measured for 12,6 MeV =E,;=17.1 MeV
*3 Also measured for 12,6 MeV = E,, = 19.6 McV

— 04 —



28-58al

28-58a2

28-58a3

28-58a4

28-58a5

28-58af

28-58a7

11

P53

Pal1l

R391

P39 11

Pal 1

Ral 11

GH2

1
36k
37 £ 1h%t
44h
36K
A6k

43.7 L 0.9h%

3Th

*1 Measured by the authors
*2 Also measured from 12.2 MeV==E, = 19.8 McV

v

14.5 4 0.35

14.8 4 0.8

14.1

13.88 - 0.10%
14.09 4 0.10
1431 4 0.13
14.50 4+ 0.20
14.81 | 0.31

14.4 4 0.3

13.86 -+ 0.10
1411 - 0.10
14.24 = 0.10
14.37 4+ 0.15
14.49 & 0.20
14.59 + 0.20
14.69 + 0.25
14.77 + 0.25
14.88 -+ 0.30

v
0.6 & 12
52 4 2.6

33.4 4 2.7
38.8 4 8.2
314 + L1
23.5 - 1.3
311 + 1.6
343 -t L7
30.3 4 2.0
34.2 & 2.6
18.7 + 1.5
229 + 1.8
27.2 1 2.2
29.3 23
31.7 4 2.5
33.5 4 2.7
35.9 + 2.9
36.2 4+ 2.9
39.5 & 3.2

VI

NICKEL

Ni%(n, 2n) Ni¥

rel. : efl 29-65a
Cu®(n, 2n) = 7

— 6 —

viIrI

ef. 7-14al

ef. 27-59alg

ef. 17-35a3m

B* activity; 0.511 MeV
annihilation radiation
measured in coine. with
2 scintillation-counters,
Calibration with Na®

cf. 22-46a2

ef. 7-14a7

ef. 29-63all

VIII

Newtron-flux : 7 9,
ealibration : 12 %

Element, Ni*® enri-
ched:99.639, :thick-
ness : 3-5 mgfem*

Elcment, nat.



28-58a8

28-5851

28-58b1 g

28-5852y

28-5801m

28-38¢c]

*1 Measured for 12 MeV=E; =1

P59 11

Poi 1

Go2

P60 L

Pagll

1

72d

TLad

9.0 £ 0.2h*

270d

*2 Measured by the authors

1w

Only relative measurement*!

14.1

LLE - 0.9

13.86 - 0.10
1411 - 010
1424 £ 0,10

1437 = 0.15
14.49 + 0.20
14.59 -+ 0.20

14.69 - 0.25
14.77 = 0.25

14.88 = 0.30
14.8 £ 0.9
14.1

8.5 MeV

Y Vi Vil Vil

dractivily : geiger-connler e

Ni#¥(n, p) Co®

560 - 110 of. 28-3Hat

Nisf(n, p) Co®s

of, 27-3%l

436 4 35
435 4 35
437 4 35
424 4+ 34
401 4- 32
385 4- 31
363 4- 29
355 + 28
333 + 27

cf. 29-63al1

Ni¥(n, p) Cossnm

40 4 15 ef. 27-5%lg

Ni®(n, pn + n, np + n, d) Co¥

160 - 40 ef. 28-38a4

S

Nild  powder  enri-
ched @ NisHa.1 ©, )
Ni®(9T.8 0): N
(95.99,)

Element. powder en-
riched : Ni®'(99.1 v )
Element, foils enri-
ched @ NiE%(99.6 )
Thickness 3-35 mg/

cm?

cf. 28-58b1g



28-58c2

28-58d1

28-58d42 diff.

28-5843 difl,

28-58d4 diff.

28-38d5 dill,

I

G62

AT

Abl

560

G61 11

K601

270d

1 v

13.86 4 0.10
1411 £ 0.10
14.24 4 0.10
14,37 4 0,15
14.49 + 0.20
14.59 4+ 0.20
14,69 £ 0.25
1477 £ 0.25
14.88 - 0.30

= 14.1
= 14.1
- 14.1
— 148 &+ 0.3
- 14.8 0.8

490 + 49
560 & 56
520 4 52
530 + 53
600 - 60
580 -+ 58
560 4 56
580 -+ 58
580 - 58

Ni*(n, p) Co* 4 Ni*8(n, pn) Co®

310 4 60

) 440 4 26
b) 430 & 26

2 % _ 5344 100
dﬂ - <
for d{) = 00— 1800

EE

a) 430 . 18 for isotr.
part

b)Y 490 + 21 for 1otal
Means for 10 angles
between 09 and 1500
with d0 = 2 Tn—
4 4o

w[d“ 287 - 29
| :

Means for 8 angles
between 00 and 1800

VI

abs. :
x-from T(d, n) He* and
proton- recoil- Lelescope

abs, :
x from T{d.n) He?

ST

vil

cf. 28-38a4

cf. 13-27d1

ef. 11-2341

cf. 13-27d3

Telescope : 2 prop.-coun-
ters and CsI crystal in
coine, with x from T(d, n)
Het. Separation of dn
proecsses. Separation of
n, p- and n.ap-processes
by stat. theory, Protons
with Ep > 1.8 MeV measu-
red. Protons with Ep <
L8 MeV computed by
stat, theory

B unclear plates eyl ar-
ranged around the target.
Separation  of a,p-and
n, np-processes by stat,
theory, o probably con-
Laing nyd-processes

VIII

Mean total error

1X

Ni** enriched :
95.69, 2.7 cm @ ;
thickness 10 mgfend

Ni*® enriched 99,69 ;
thickness 17.3 g/

cm?



28-58el AT

28-58e2 difl, Anl

28-5Hed dill, G611

28-58e4 difl. Kaw I

28581 ifl. Gal 1L

5E-60b1m Poo I

28-60d1 A5T11

28-606d2 difl, A6l

* Measured by the authors

10,5 4- 0.2 min*

141

148 4 0.3

14.8 + 0.8

4.8 4 0.3

14.1

14.1

Ni¥*(n, np) Co¥
230 1 44

e
ax|t ] -
LU

343 = 27

da
-i:[ J =340 . X
1

Means for 10 angles
hetween 09 and 1500

o =
A ] = 150 - 13
ol

Means for # angles
Dbetween 02 and 1800

Ni**(n, d) Co

dea
= } .35 46
el

Means for 10 angles
between 09 and 1507

Ni®(n, p) Cotom

Ni®(n, p) Co® 4- Ni(n, pn) Co®

240 = 50

e 0 =

Vil Vil

ef. 13-27d1

of. 11-23d1

of, 28-58d4

ef. 28-38d5

cf. 28-5844

of. 2739l g

ef. 13-27d1

cf. 11-23d1

IX

of. 28-58b1g



28-60d3 difl.

28-60d4 difl.

28-6iel

28-60e2 difl.

28-00e3 difl.

28-61561

28-61b2

28-61clm

28-62b1g

28-62b1m

11

560

M58 1T

AST1I

Al

M58 11

P33

Po0 I

Pa0 I

Pon I

oo [

111

1.75h

0 L 0.05h*

105 = 0.2 min*

138 L 0.2 min*

1.9 £ 0.3 min*

* Measured by the authors

v
14.1
135 = 0.1
141
141
135 = 0.1

145 £ 0.35

14.8 & 0.9

14.8 + 0.8

148 L 0.8

14.8 4 0.8

da
| o
df2

Vi

for d} = 0° — 180°

#7 for isotr. part

155 for total

60 = 12

_ e
h aro]

51 & 10

(13

181 + 25

22

Ni¥'(n, pn + n. np + n, d) Co®m

3.8 41
33 41
2.0 = 0.5

part

Ni®(n, np) Co®

Ni¢!(n, p) Co®!

Ni®%(n, p) Co2¢

Ni(n, p) Cosm

ATt | e

Vi

ef. 26-54d5

ef. 13-27d1

ef. 11-234d1

ef. 26-34d5

ef. 7-14al

of. 27-59alg

ef. 27-5%alg

of. 27-3%alg

of. 27-59alg

VI

X

Ni*® enriched 99.2 9%
1 em® thickness
mg/em?

a7

cf. 28-60d4

of. 28-38b1g
of. 28-38b1g
of. 28-58b1g

ef. 28-38blg



1 11 11
286202 60 1 L70 = 0.05h*
28-64blg Peu 1 7.8 - 0.2 min*

28-64b1m P60 1 20 =
28-d1 difl. H62 111

28-01 difl. 1162 111

28-g1 difl. V57

*"Measured by the authors

o

v

1h8 = 0.8

1h8 = 0.8

14.8 = 0.8

144 0.2

144 £ 0.2

Ni®(n. pn + n, np -+ n, d) Co™

0.63 = 0.15

(5]
-1
n

ef. Garl g

Ni“(n, p) Co*4

of. 27-59alg

Ni®(n, p) Co®n

= 0.43

of. 2759l

Ni#et(n, p -+ n, pn) Co

ef. 12-d1

Nitat(n, np) Co

200 + 50 for
Ey = L5 MeV

ef. 12-d1

Nine!(n, p + n, pn + n,np + n.d) Co

ey
J:[—- ] =170 + 20
o)

Means for 0 = 300,
430, 609, 900, 1200,
1359, 1507 and Ey =
6 MeV

ef. 12-gl

= T—

VI

X

of. 28-58b1g

cf. 28-58b1g

of. 28-38b1g



29-63al
29-63a2
29-63a3
29-63a4

29-63a5

29-63ab
29-63a7

29-63ab

29-63a9

29-63al0

I

P53

F52

Bi2 I

D60 I

P61 IHL

]

1]

B62 1

S61 1T

m

10 min
9.9 min
10.1 min

10 min

10 min

9.4 : 0.2 min**

10 min

10,03 = 0.03 min®:

9.90 = 0,04 min**

v

141 = 015

1425 4 0.25%

14.6

Lkl = 0.1

13.77 =~ 0.20%
14.74 4 0.27

147

14.1 = 01%

141 £ 0.2

Also measured from threshold to 27 MeV
Measured by the anthors
Also measured for 12,5 MeV == E,, == 18 MeV
Also measured from threshold to 14 MeV

Also measured for 13 MeV == B, = 19.6 MeV

630 - 80

530 4 26

490 4 45

378 + 34
507 + 45

330 + 66

VI

COPPER

Cu®(n, 2 n)Cu®™

rel. : ef. B3l
a T(d, n) He* for
Ed = 10.5 MeV

rel, :
a D, n) He?

rel. : ef. 26-56b1

Fe*%n, p) Mn* = 112.5 mb

Vi

ef. T-14al
ef. 13-27h2
of. 13-27b3

fi-activity, prop. counter,
27 geometry. Calibration
with Cu® g Cu**(n, y) Cu®®
== 560 mb for therm.
neutrons

ef. 8-16b5

ef. 13-2768
ef. T-14a7

[#-aetivity, geiger-counter.
Calibration  with ~ Cu®
o Cu**{n, v) Cu® = 560 ml

for therm. neutrous

ef. 13-27b11

VIII

Error contains : diffe-
rences for several mea-
surements; neutron
flux ; calibration

cf, 13-27h8

254 x
5.08 em: thickness :
0.0127 em

Element :

Liquid  scintillator
Dioxane (201 gr)
Naphthalene (14 gr)
PPO (1 gr): H,O
(5 gr): Cu (NO,)..3
H,0(0.967 gr)

Element



29-63all

29-63al2

29-03nl 3

20-0341

29-6342 diff.

20-63d3 (1.

29-63¢cl

29-63e2 il

20.63f1

*t Measured for 12 MeV

Gn2

M52

[0

S0l

Al

B62 11 1.65h

1

13.86 = 0.10 424 = 21 abs. for K, = LLTT MeV
IER RSN ] 435 - 23 2 from T(d, n) He?

14.37 = 0.15 A48 - 24

14.59 4- 0.20 519 L 26

14.77 + 0.25 550 .. 27

Relutive measurement*!

el 12-24h8*

Cu®(n, p) Ni* 4+ Co™(n. pn) Ni®

14.1 120 + 24
14.1 i [n’u]
" Ldo) e
w) 118 9
By 105 1 10
14.1 de
2. = 149 ... 30
d(}

for d{} = (0 — 180"

Cu®¥(n, np) Ni®

Lkl 130 .- 26
111 da
= J =
120"
152 = 30
Cu®?(n, He*) Co™
14.7 = 0.08 T

*2 Measured for 12,5 MeV=E, = 17.5 McV

S

Vil

v 0AIT MeV
ition ral
red with 2 Nal
erystals switehed in eoin-

e
eidence

S-activity, geiger counter

el 13-27d1

ef. 11-23d1

efl 13-27d3

ef. 13-27d1

ef. 11-23d1

VI

Standard deviation

Element, fuil-



29-63ilm

29-65al

29-65a2

29-65a3

29-65a4

20-65a3

20-65a6

29-65a7

29-65a8

29-65a9

29-65al0

29-65all

K62

P6l 111
P39 1

Ral 11
Bol IV
D60 11

Won I1

Goz2

I

10,4 min

12h
12.8h
13.4h

12,08k

12,7 L 0.15h%
12,85 = 0.05h*
13.6 = 0.5h%

12.75 = D.04h*

12.87h

*t Measured by the author
*2 Also measured for 10 MeV—=E, == 19.8 MeV
*3 Also measured for 13 MeV=E, == 19.6 MeV

1w

14.8 & 0.4

13.88 4 0.10%
14.01 £ 0.10
1409 -+ 0,10
14.31 & 0.13
LL50 = 0.20
14.68 = 0.26
14.81 + 0.31
141 + 0.1
148 = 0.8
144 £ 0.3
1h1 = 0.1%
15 £ 0.4

145 £ 0.5

14.77

v
23 .3
1085 175
970 + 8O
935
879 - 33
906 -1 36
#92 + 36
937 4 37
933 + 38
968 + 39
975 4 39
940 = 85
954 4 130
939 + 79
918 - 80
869 - 100
1030 = 95

993 4 T

VI

Cull:!(n, (Z) Coﬁﬂﬂf

Cu®(n, 2n) Cu®

rel. : ef. 29-63a
Cu®(n, 2n) = 522 mbh
Sundwich-method

R/, —

Vil

el 15-31ad

ef. T-14al
cof. 13-27b2
ef. T-14a2

of. 22-46a2

ef. 13-27h8

ef. 13-27h4

cf. 7-14a7

cf. 13-27Tb8

ef. 26-56b11

yeactivity, Measuring of
the area under the photo-
peak with a 2 = 1 34"
Nal crystal; calibration

with Co** and Na*

of. 29-63all

Element

Element



29-65b1

29.6562

29-6563

206564
20-6565
20-65b6
20-6567

296558

296541

29-6542 difl.

20.63ilg

a2

5501

P59 1

P61 Il

M6l 11

D6 11

A

B2 11

AT

S60

K62

1

2,55 . 0,20

2.6 = 0.3h%

2.6h

13.9 min

*t Measured by the authors

v
14,1
148 =~ 0.8
LLR &8
141 101
14.8
15 & 0.4
14.0
14.7
14.1
14.1
14.8 = 0.4

v Vi Vi
Cu(n, p) Ni#

19 54 of. 13-2762
31213 ef. 17-37h2
27 5 11 of. 13-27h4
2945 ef. 13-2768
29 -3 of. 11-23i2
171 4 of. 26-3607
~20 — -
29.3 ! 3.2 — _

Cu®(n, p) Ni% + Cu®(n, pn) Ni*!

40 = R ef. 12-37d1
de Sy ef. 13-2743
Tan U

for df} = 0o— 1800

Cu®(n, ) Co®22

-1
w
=
ta

cf. 15-31a4

— 75 —

Vin

Element 1,7 &,
thickness 1200mg/em?*

mm =

thickness 45 mg'em?

Element

Jdoemp

ness 36 mgem®

Cul), powiler



1 1 11 v v VI Vil v

29-65k1 B62 1 99.6 = 2 min*! 141 & 0.1% 5.8 -2 ef. 13-27h8
29-65k2 K62 1.65h 14.8 4 0.4 2.8 = 0.3 ef. 15-31at
29-65k3 B62 11 1.6k 14.7 2.9 - 0.8 — — —_
Cumat(n, 2n) Cu
29-al A58 11 - 141 T60 & 60 ef, 1-2al Element

Cure!(n, p + n, pn) Ni

20-d1 diff. A59 — 14.1 de ef. 26-54d2 Element
a) 4. — = 98
df}
for d) = 900— 1800
da
by 2.2 = 118
40
for di} = ("— 1800
20-d2 diff. C591 —_ 14.5 do _ abs, : proton recoil tele-  Telescope, 2 prop. coun- —
* [_] =40 55 scope ters in coincidence with a
means for ) 189, Csl erystal and in anti-
457, 900, 135° and d0 coincidence with a prop.
= 18 counter before the target.

Scparation of a,p- and
nnp-processes by stat.
theory, a probably con-
tains n, d-processes

*t Measured by the authors
*2 Also measured from threshold to 19.6 MeV

— 76 —

IX



29-¢l Wil

29-e2 diff.

A59

€9l

11 v

Cunet(n, np) Ni
128 cf, 26-34d2

1'_[&5] Jiy cf, 29-d2
=zl "

means for 0 = [8o,
459, 900, 1350 and d0
= l@°

e o A

Vi

Element



30-64al
30-64a2

30-64ad

30-64at
30-64a5
30-64a5

30-fitab

30-64a7

EURIE T

30-64b1

30-64b2

Pan 1

R38 1
Rall
R61I1

Gol IV

W2

Koo 1T

P53

Pao I

I

38 min
38.5 min

36 -+ 0.2 min*!

39.9 min

39.9 -~ 0.8 min®™

38 min

38 min

12h

13.0 + 0.2h%t

*1 Mcasured by the authors
*: Also measured for 13 MeV=E, = 17.6 McV

v v

14.5 £ 0.35

14.1 £ 0.15 119 i 18

14.8 - 0.9 254 + 50
14 150

13.5 75

14+ 0.3 167 = 13
142 120 - 10
14.5 180 = 15
15 230 4 15

13.86 & 0.10
1411 + 0.10
14.37 + 0.15
1459 4 0.20
.77 & 0.25

Vi

ZINC

Zn%(n, 2n) Zn®®

Relative measurement®!, Exp. enrve

was fitted by & = 167 mb for
Ey = 14.4 MeV (cf. 30-64a5)

145 + 0.35 386 1 58

148 £ 0.9 284 L 20

Zn%(n, p) Cu®

=S PR

Vit

cf. T-14al
cf, 13-27b3

ef. 27-59alg

ef. 7-14al
ef. 7-14a7

ef. T-14a7

ef. 29-63all

Senetivity, geiger connter

ef. T-14al

ef. 27-59ulg

Vi

Element

Element, Jiscs ; thick-
ness  3-35  mg/ew?

Element

Element, nat; thick-
ness 2= range of the 5

Element

Flement, dises;
thickness  3-353 mg/
cm?



30-6453

In-64b1

30-64b5

30-64b6

J0-6:4b7

30-Gebd 1 (il

30-64d2 (il

30-6:403 (il

30-6del dill.

*1 Also measured for 12,4 Me
*2 Measured for 12,5 MeV=E,

11

RoL I
Z56

w2

Gol IV

Aol

S6i

Ra6 11

Anl

12.85h

11

v

13.5
140

13.86 + 0.10
1411 = 0,10
1437 & 0.15
14.59 - 0.20
1477 &+ 0.25

14=1
1
14.5

1475 £ 0.1
15 L 01

141

14.1

141

¥ Vi VII VI
215 ef. 30-6453
~216 ef. 30-66n+
190 4 15 ef. 29-63ul1
191 4 15
177 £ 14
164 - 13
155 = 12
220 4 20 — s -
188 015
220 4 20
182 4 16
196 & 15

ef. 12-24h8%2

Zn®(n, p) Cu™ - Zn®(n, pn) Cut

- [da B of, 11-23d1
= du] I‘:‘ln
) 179 & 18
b 171 = 17

do £ 13-27d
200 = 257 & 50 ¥ Tas

for d{} = O0v—]80e

~295 —_ Nuclear plate —_

Zn®(n, np) Cu®®

[du] ef. 11-2341
=] - —
dﬂ l!lo
281 + 18

— 79 —

5.9



30-66al

30-6651
30-6652
30-66h3

30-66b4

30-66a1 diff,

30-66el diff,

30-67d1 diff.

H62 I

P33

Y57

P01

256

Afl

Al

Anl

1

3 min
5.13 min

52 4 0.3 min*

* Measured by the authors

v

14.9

145 & 0.35
14.1 - 0.15
14.8 L 0.9
14.1

14.1

14,1

v
530 4 130
101 £ 17
60.2 & 7.2
77 4 10

~80

Zn%(n, p) Cu® + Zn%(n, pn) Cu®

L&)
4| — -
A0 50"

a) 34+ 4
b) 35 1 4

4= n’_o]
du ’=°°
50 -4

Zn%(n, p) Cu™ + Zn"(n, pn) Cu™

2]

u) 41 = 7
b) 33 £ 7

Vi

Zn%(n, 2n) Zn*

ef. 20-48al

Zn*(n, p) Cu®®

Zn%(n, np) Cu®

— 80 —

K-electron

Vil

ecapture

prop. counter

ef. 7-14al

cf. 13-27b3

el. 27-3%alg

cf. 11-23d1

ef. 11-2341

ef, 11-23d1

Vil

el 20-48al

Element

el. 30-6452



1 11
30 Cubl a1 3 L5
681 Pan | 295 &+
R ed B35 111 2500
30-68k1 Ba2 11 aah
3021 il 162 111

* Measured by the authors

sec®

0.024*

v
LLE =09
LLE 08
14.05 24 055
147
1ht £ 0.2

Y Vi Vil Vil

Zn™(n. p) Cu™

25 L 1o el 2753l
Zn™(n, z) Ni

3 = lo el 27-5%alg

T0 04 of. 27-59:3

Zn™(n, n’x) Ni™

0.89 - 000

Znt!(n.p - n.pn + n,np + n.d) Cu
170 4 20 ef. 12-d1
fur - 2.2 MeV

"

R T

el 6142

wf, 306162



31-69al
31-69a2
31-69a3

31-69a4

31-69b1m

31-6962m

31-69:1

31-Tlal

31-Tla2

31-71k1

31-71k2

11

P33
Ri8 1
Rel 11

K6l 11

P33

B62 1

P53

P53

K61 11

B62 1

B62 1T

I

68 min
69.2 min
69.2 + 1.4 min*!

67.5 min

13.8h

5 min

20 min

21.0 min

39,6 L 0.6R*!

6lh

*! Measured by the authors
** Also measured for 15 MeV = En =196 MeV
*? Also measured for 15.2 MeV==E, = 19.6 MeV

v

145 + 0,35
14
144 + 0.3

148 0.5

14.5 & 0.35

15 & 0.5

14.5 & 0.35

14.5 4 0.35

@

14.8 + 0.

15.2 4 0.5

14.7

923 1 70

1070 -+ 107

24.4 & 20

42 4 4

700 £ 100

2180 i 218

6+ 2%

VI

GALLIUM

Ga®(n, 2n) Ga®

Ga®(n, p) Zn"m

rel. : of, 13-27i
AlF(n, ) = 118 mb

Ga®(n, «) Cu™

Ga™(n, 2n) Ga™

Ga™(n, na) Cu¥

rel. s el 13270
AlF(n, o) = 118 mb

— 82 —

viI VIII

ef. T-14al
ef. 7-14a2
cf. 7-14a7

ef. 17-35a5m

cf. T-14al

ef. 13-27b8

ef, 7-14al

ef. 7-14al

ef. 17-35a5m

ef. 13-2768

Element

Element

Element

Element



32-70al
32-70a2
32-70a3

32-T0a4

32-70a3

32-7061

32-T0h2

32-7281

32-72b2

32-73b1

11

P33
R391
Ral 1T

P61 1

Kol 11

P53

756

P53

Z56

P33

40k
36.9h
38.6 =

40,40

41.0h

20 min

14k

Sh

*' Measured hy the authors

** Also measured for 11,8 MeV-=

111 v

L5 = 035
14
0,80 144 £ 0.3

13.83 f 0.10%
1401 4 0.10
1431 + 0,13
14.50 -1 0.20
14.68 + 0.26
14.83 | 0.31
14.93 & 0.36

14.8 | 0.5

145 4 0.35

14.5 4 0.35

14.5 + 0.35

Y
666 - 230
604 -1 48
598 4. 45
309 £ 15
508 2 15
607 - 18
621 - 19
664 1 20
716 - 21
681 -+ 20
1600 - 240
129 & 60
~93
65.2 1 26
~32

136.6 + 70

Vi

GERMANIUM

Ge™(n, 2n) Ge®

Ge(n, p) Ga™

Ge?(n, p) Ga™

Ga™(n, p) Ga™

84—

vi

el 7-14al
cf. 17-35a3m
ef. 7-14a7

ef. 22-46a2

cf. 17-35a5m

ef. 7-14al

ef. 7-14al

cf. 7-1bal

Vil

Element

GeO,

Element

Element

Element



32-THl

32-Thal

32-76a2

32-76k1

153

a3

Kol 1L

B62 11

2.2 min

B2 min

TH min

A0k

1

LL3 2= 035

145 £ L35

148 £ 0.5

149 4 6

1820 + 350

1200 = 240

Vi

Ge?l(n, =) Znt

Ge™(n, 2Zn) Ge™

Ge™(n, nz) Zn™

— ey

Vil vin

ef. T-14ul —

of, 7-14al

el 17-35a3m

Llement

Element



33-T5al

33-T5a2

33-75b1

33-73h2

33-75blg

33-75b1m

33-T5d1 dill,

I

Pal 1

P33

Pol 1V

P53

Fol IT

Fal 11

Anl

I

17.8%

17d

8.2 min

* Measured by the authors
*2 Also measured for 10,3 MeV = E,, == 19.8 McV
* Also measured for 7 MeV==F, == 14.9 MeV

14.01 4 0.10%
14.31 + 0.13
14.68 + 0.26
14.93 + 0.36

14.5 & 0.35

14.01 - 0.10%
14.31 4 0.13
14.54 + 0.20
1493 £ 0.36

145 + 0.35

141 £ 0.2

141 + 0.2

14.1

1070 = 43
1113 =~ 45
1149 + 46
1123 = 45
160

BT R

20.7 4 15
19.3 4 1.4
18.1 + L3
15.9 4 1.2

11.8 + 2.4

102

As™(n, p) Ge™ |- As®(n, pn) Ge™

s
4= ] —
di) 00

27 45

VI

ARSENIC

As™(n, 2n) As™

As¥(n, p) Ge™

As%(n, p) Gesr

As'rs(n‘ P] Gemm

g6

v

cf, 22-46a2

ef. 7-14al

ef. 22-46a2

ef. 7-14al

ef. 13-27b12

ef, 13-27b12

ef. 11-234d1

Vi

Element

Element



33.751

33-75g1

33-75h1

33-T5il1

33-75i2

337513

33-7544

B62 11

A58 111

B2 11

P53

Pol 1V

F6l 1

P62

ah

7.8 min

L

14h

14.7

14.5 & 0.35
14.01 =+ 0.10°
14.31 4 0.13
14.68 4 0.23
14.93 & 0.36
14.8

14.7

* Also measured for 7 MeV-=E,-<19.8 McV

< 0.51

VI

As™(n, He?) Ga™

ARl

As®(n, p) Ge™ + As®(n, pn + n, np + n, d) Ge™

115 4 15

<< 0.50

12.3 4 2.2

9.8 L 0.7
104 4 0.7
10.2 & 0.7
10.0 - 0.7

459

9.3 = 3.1

As™(n, 2p) Ga™

As™(n, o) Ga™

ef. 25-35g1

cf. 7-14nl

cf. 22-46n2

v

Element



34-8041

34-82al

P33

P33

39 see: 12 A

39 min

v ¥ VI
SELENIUM
SeM(n. =) Ge™
145 4 035 T B of. T-14al
Se*(n, 2n) Sett
145 = 0.35 1500 2 500 ef. T-14ul

— 8 —

VI

IX

Element

Element



35-79al
35-79a2

35-T9a3

35-79i1
35-79i2

35-Blalt

A5-Blalm

35-8lal2m
35-Bladm

35-Bladm

35-Rlalg

35-Bla2y

0.13 min*

1 111
P33 6.4 min
R39 1 6.3 min
R6I 1T 6.33 -
B34 26.8h
1’62 27h
562 —_
1’53 440
S62 —

R6lL 11 449 - 0.09h*

F6l 11

562

Fal 11

* Measured by the authors

145 4 035
14

144 & 0.3

1405 4 0.55

14.7

-+ 0.2
T —0.3

145 4 0.35

4 0.2
146 0.3
1h4 + 0.3
14.2 4 0.2

+0.2
]4.6_0.3
14.2 + 0.2

1141 & 283
788 - 63
835 = 63

10 1.8
108 4 2.4

1047 + 98

B2 + 165

610 -1 93

437 4 29

470 == 50

BROMINE

Br™(n, 2n) Br™

Br(n. x) As™

Br¥'(n, 2n) Br* - tot.

Br*'(n, 2Zn) Bréom

Br*'(n, 2n) Br*g

Vi vin

el 7-14al
ef. 17-35a3m

cf. 7-14a7

ef. 27-5%3

cf., 37-87al

cf. 7-14al

cf. 37-87al
ef. 7-14a7

ef. 13-27b12

ef. 37-87al

cf. 13-27b12

LiBr: NaBr

NaBr

LiBr; NaBr

NaBr



A5-81b1e

Aa-B1b1m

35-81b1g

A5-8141

35-H1i2

A5-R1i3

35-m1k1

35-d1 dhidt,

862

562

53

502

P2

1362

Adl

90 min

90 min

9k

11

0.2

Ve g3

0.2

Mo g

141

v VI Vil Vi
Brti(n. p) Se*' - tot.
5710 cf. 384602
Br'(n., p) Sextm
a2 -8 ef. 34-H652
Brt'(n, p) Sevta
kLS of. 3H-H6H2
Bt (n, =) As™
103 & 20 ef. 7-14al
107 . 20 cf. 38-06b2
9.2 & 1.2 =5 — —
Brt'(n, nz) As™
<L — - —_
Bret(n, p + n, pn) Se
4 e ef. 11-23d1
“Lao ]m"_
< 14

R | -

Lilir, Nalir



1 11
37-B5al 562
37-83al+m Pol 1
37-85:1 562
37-85i2 Po2
37-8Tal 562
37-87al 4 m ol 1

*1 Also measured for 10,5 MeV =
*¢ Also measured for 100 MeV =E, =—

33d

A6k

18,664

+0.2

15 g

14.09 - 0.10*t
14.50 - 0.20
14.68 - 0.26
1L8l -+ 0.3l

+02
146 L
14.7

L2
R0 0.3

1109 & 0.00%
14.50 - 0.20
14.68 1. 0.26
14,81 - 031

g = 19.6 MeV

19.8 MeV

L VI Vil Vi

RUBIDIUM
Rb%(n, Zn) RL™

687 - T4 of. 37-87al

Rb%(n, 2n) Rh" + Rb%(n, 2n) Rhem
efl 22-46ul

1447 = 72 a does not contain the
1498 - decay of RE¥M by 15, €,
1520 &
1530 -
Rb%(n, 2) Br+
143 - 9 of. 38-6842
143 _ —_ —
Rb¥(n, 2n) Rl
835 & 136 rel. : efl 26-5066 - and y-activity, Cor-  Total error, without

deviations in the decay
scheme

reetions for abs. f-coun-
ting ef. R56 111 and Z50.
Al (n, x) - yeraye were connted with
Sandwich method a 3 3" Nal erystal;
elficiency of, L36. Chem.
separation

Fe'*(n, p) = 110 mh
or ef, 13-27¢
115 mh

Rb¥(n, 2n) Rb¥ 4+ R¥(n, 2n) Rly*m

of, 22-4thal

1170 . 57 a does not contain the
1210 + 61 decay of Rb*# hy . C.
1194 1. 59
1191 -- 59

= =

Fuils



37-87i1

37-87i2

3T-8Tk1

P33

i
&
(]

B2 11

33 min

2.3h

v

145 = 035

+10.2

T8 b

Rb¥(n, 2) Br*

389 = 16.3 ef. T-14al

59 512 ef. 38-8602

Rb¥(n, nz) Br¥

< 1.5 — -

— 93 —

VI

Rb.CO,



38-Blal

38-84a2

38-B4u3

Ad-Bhat

38-Hialg

JH-Bhalg

ELELT B

38-B0a2m

I

P61l

562

Kl 11

Pa2

Mol

562

M6l T

S62

I

33k

EE

33k

el

70 min

13.88 = 0.10°
14.09 ¢ 010

14.31 — 0.13
1450 — 0.20
1468 . 0.24

14.93 - 0.36

+ 0.2
16 _ 5

148 1 0.5

4.7

14.1

+0.2
146 " 0

14.1

1402
B %

* Also measured for 12 MeV == K, = 19.8 MeV

115.9 & 5.8

142.4 + 7.1
149.9 + 7.5
1717 4 8.6
176.8 : R.8

180.6 4 9.0

380 - 50

1770 - 180

140 & 80

680 £ 109

280 4 10

21 - 8

312 4 50

Vi

STRONTIUM

Sr*(n, 2n) S

rel, : el, 20-560
Feit(n, p) — 110 mh
or of, 13-270

Al (n, =) = 115 mb
Sandwich method

Sr*(n, 2n) Srtv

Sr(n, 2n) Sreem

rel, : el 13-27010
Al¥(n. 2) — 116 mb

T

Vil

cf, 22-}ha2

eactivity s 3 50 3" Nal
erystal, Efficieney ef. L36

cf. 17-35u3m

ef. 38-86alm

of. 38-84a2

eactivity. 105 02 1 Nal-
erystal, Eflie
Correetions for geometry,

vy el K54

backseattering ete. exp.
determinated

ef. 38-84a2

Vi X

Total crror without  Foils
deviations in the decay
scheme

Total error SrCO; powder



38-A6H1

dg-806b2

38-88al

38-88b1

H-HHb2

36-BHb3

38-88i1m

38-88i12m

Ad-d 1 il

P61 IV

562

562

Paa

562

Bo62 11

Abl

17 min

18 min

v

14.01 : 010
14.31 © 0.13
14.68 ¢ 0.26
14.93 & 0.36

+0.2

6y

0.2

6 _ 4

145 = .35

+0.2
16 s

141

* Also measured for 134 MeV-ZE, == 14,93 MeV

Sr(n, p) Rb*

5 4 4.0
35 = 4.4
415 1 3.7
453 £ 40

64 & 7 rel. : efl 26-560

Fe**(n, p) — 110 mh

or efl 13-27¢
AlF(n, 2)

Sandwich method

Sr¥(n, 2n) Sr*

Sr(n, p) Rb*

Sr*¥(n, z) Kitom

64 + 20

B7 4 31

Srnat(n, p) Rh 4+ Srvet(n, pn) Rb

I d_" [T
w du]‘:u =

22 + 17

- 115 mb

Vil

ef, 22-46a2

Henctivit
abs. f-eounting of, R56111
amd Z530. Chem,  sepa-

ration

v. Corrections for

of, 38-H4al

ef. 7-14al

of. 3H-86H2

ef. 7-14ul

of. 38-A6b2

ef. 11-23d1

VI X

Totul error without  Foils
de
scheme

in the deeay

5rC0,

5rC0,



39-89al

39-89a2

39-89a3

39-89a1

39-89%alm

39-80b1

39-8952

M6l 1

Too

S62

Pol 1V

Gol 1

P61 IV

Tho

Also measured for 12,2 MeV
leasured for 11.5 MeV =E,
Measured by the authors
Also measured for 7 MeV ==
Also measured for 8.2 MeV-=

m

msec*?

v
141
13.9%
14.0
14.6
15.1
+0.2
Db 5'a

540 4 80

585
0Ha0
685
1005

542 4, 58

Relative measurement*®

145

14.01 - 0.10*
14.09 - 0.10
14.31 = 013
14.54 - 0,20
14.68 -+ 0.26
14.81 = 0.31
14.93 = 0.36
'[3_9!.\

14.00

== 14.0 MeV

= 15.1 MeV
== 19.8 MeV

= 400

23.7 4 1.7
22.7 + 1.6
241 4 1.7
200 - 1.7

Vi

YTTRIUM

Y®(n, 2n) Y

Y#(n, 2n) Y#u

Y®(n, p) Sr*

e Qs

viI VI

of. 38-8halm

ef. 38-84a2

cf, 22-46al

el 49-115alm

ef. 22-46a2



39-R941

39-189¢1

39-A9:2

39-89:3

39-89:1

Boe2 11 I# min

P33 194

ol IV -

(£

Tao —

*1 Also mensured for 13,4 MeV =1,

Y*(n. 2n) Rb*

17 < 0.020 —

Y9 (n, 2) Ry
145 £ 0.35

1LOL o0 1o
14,31 2 0.13

1430 21 0.20
LEAL £ 0.31
0.2 i
1o gy 96 . 24
13.9% 1.6+ 0.3 -
140 2.0 4 0.3

== 148 MeV

*: Also measured for 8.2 MeV == 15, = 14.0 MeV

— 97 —

Vil VI

el. T-14al

ef. 22-10a2

el. 38-8052

X



40-90al

40-90a2

40-90a3

40-90alm
40-90a2m

40-90a3m

40-90al--m

40-90u2+m

40-90b61

11

P61l

562

R60

P33
P62

R60

R61 11

R6o

P33

1

9.3k

4.5 min

4.4 min

T9.4 & 1.Gh*:

61k

v

13.88 4 0.10%

14.01 & 0.10

14.09 - 0.10

14.31 + 0.13

14.50 + 0.20

14.68 + 0.26

14.81 4 0.31

14.93 | 0.36
+ 0.2

14.6

14.1

14.5 + 0.35

14.7

14.1

4.4 + 0.3

14.1

14.5 + 0.35

*t Also measured for 12 MeV = E;, == 19.8 McV
*2 Measured by the authors

v Vi VII vin
ZIRCONIUM
Zr*(n, 2n) Zr*
585 4 18 of. 22-46a2
604 o 18
623 = 19
716 + 21
T68 L 23
822 4 25
838 + 25
856 - 26
502 4 36 ef. 38-8B4a2
470 + 22 - Scintillation counter _
Zr*™(n, 2n) Zastm
= 79,8 -- 40 ef. 7-14al
#4 — e =
T4+ 3 ef, 40-90a3
Zr"(n, 2n) Zr* -+ Zr'(n, 2n) Zrom
677 + 51 of. 7-14a7
544 4 22 cf. 40-90a3
Zr(n, p) Y™

247 4 100 ef, 7-14al

— 08 —

IX

Zr(NOy)  Element

Zr(NO,),.

Flement



0052

A0-9003

H0-9054

A0-90i 1
A0-004 2
AU-00i3m
H-00 bm

H0-90i5m

409161

40-9161m

40-91b1t

61 1V

S62

66

53
1355 111
B35 11
Row

re2

Rl

Raoo

562

1

LEOT - 010"
1409 5 0,10
14.31 = 0.13
LL50 - 0.20
14,68 = 0.26
1LB1 = 031
1493 - 0,36

+ 0.2
Le6 0.3
14,1
145 = 035

14.]

14.1

L 02
6

*t Also measured for 8§ MeV = E, == 19.8 MeV

v
15 = 2.5
LS - 2.5
4425
46.5 = 2.5
45 2.0
45 4 2.0

k.1 £ 2.0

194 £ 1o
3.3 = 6
a1 402

330 L 016

142 4 14
17.5 - 0.8
180 &+ 43

Vi

Zr"(n, o) Sp¥im

Ze (n, p) Y012

Zr*(n, p) Yom

Zr''(n, p) Y - tot.

— g5

Vi Vi

[ 22 w2

ef. 38-B6b2

ef. 40-90u3

ef. 7-14al
of, 27-59i3
ef. 20-63at

of, 40-90a3

cf. 40-90a3

ef. 40-90a3

cf. 38-8652

Element



40-91b2¢
40-91b3t

40-91 b4t

40-92b1

40-9252

40-9263

40-92i1

40-92i2

40-9451

40-9452

40-94b3
40-94b4

40-94b5

I

B61 1V
559 11

Ro0

S62

B62 11

R0

P61 IV

R0

P33

562

559 111

B62 11

Rou

16.5 mi

17 min

I

n

v

14.8
14.1
14.1

+ 0.2
16 " s
14.7
14.1

14.01 4 0.10*

1431 + 0.13

14.68 4 0,26

14.93 & 0.36

14.1

14.5 -+ 0,35
+ 0.2

14.6

14.1

14.7

14.1

* Also measured for 13.4 MeV-="FE, -= 19.8 MeV

Y Vi
~171 =
a2 _
307 + 1.4

Zr*(n, p) Y*®
76 4 16
22+ 4 s
20.7 0.9

Zr*(n, =) Sr*®
9.5 + 0.40
9.95 4 0.45
10.3 4 0.46
10.2 + 0.46
21.8 4 1.7

Zr*(n, p) Y™
10.6 £ 4.2
48 4+ 12
~11 —_—
T+4 —
10.8 = 0.6

— 100 —

vii

ef. 40-90a3

ef. 38-86b2

cf. 40-90a3

cf. 22-46a2

cf. 40-90a3

ef. 7-14al

of. 38-8662

ef. 40-93a3

Vil IX

Ze(NO,)..

Element



40-9el

40-94il
4942

40-94:3

A0-94i4
40-94i5

40-96b1

40-96i1
40-96i2

40-al

oo

Bis 111
B33 11
Po1 IV

R0
P62

B6l VI

R60

Po2

857

9.7h

0.7k

7 min

m

14.1

1405 4 L35
1l

13.88 - 0.10*
11Ol 2 0le
14.31 4 0.13
14.50 - 0.20
14.68 4 0.26
14.93 + 0.36

141
17

14.8

141

14.1

* Also measured for 12,1 MeV = Ej; = 19.8 MeV

Zet(n, pn + nonp + n, d) Y

= 0.8 =01
3.6 - 0.5
19 = 0.5
50 = 0.4

3.99 = 0.16

43 & L1

N
w

< 48 £ 0.7

344

Zrrat(n, 2n) Zr

610 - 100
for Ey = 0.5 MeV
d} = 4=

Vi

Zr™(n, «) Sr*

Zr%(n, p) Y

Zx%(n, 2) Sr**

abs. 1

w-from T(d, n) He?

— 101 —

Vi Vi IX

ef, 40-90a3

ef. 27-5913
cf. 29-63

ef, 22-46a2

ef, 40-90a3

ef. 40-93a3

Nuclear plates ; plates eyl Estimated mean total  Element, eylinder :
arranged around cyl. tar-  error 1 %" @ ;1 14" heigbt
zet ; recoil protons recor-

ded. Plates shiclded by a

Fe-paraflin collimator



40-d1 diff.

1 I v v VI Vil

Zrnat(n,p 4+ n,pn) Y

Afl - 14.1 cf. 11-23d1

09

viu



I 1 1 v W VI Vi1 Vi X

NIOBIUM

Nb"(n, 2n) Nh*=e

41-93alg G611 1000 < 0.3d*! 14.5 S60 L 62 ef. 49-115ulm

41-93a2g Mol I 9.9 = 0.1d* 14.1 430 = 70 cf. 38-86alm Powder Nb,O,

41-93a3g Bo2 111 10.14d 145 0.9 499 L 91 rel. s ef, 29-63a3 yeactivity, 3 0 3 Nal  Probable total error Powder
Cu(n. 2n) = 536 mb crvstal : measuring of the

ef. 29-6500 Cu*(n, 2n) ==  arcaunder the photopeak
954 mb; ef.  13-27h1

AlF(n, z) = 11+ mh

Sundwicl method

41-93alg P61 IV — Hel, measurement *2 ef. 22-4602
#1-93a5g Ton — 13.9% 305 — — — e
14.0 395
1L6 410
Al 420

Nb*(n. 2n) Nh#=m

02

41-93alm S62 —_ 146 u.; 318 - 18 ef. 38-Rda2
41-93a2m B62 111 130 <12 ef. 4119303z
Nh'.n:a{", thll) Yrm
A1-931 1m B62 I1 A1 min 1.7 = .06 — — — e

*t Measured by the authors
** Measured for 8.9 MeV = E, = 14.7 MeV
*3 Also measured for 9.9 MeV="E, == 15.1 MeV

— 10—



41-93g1 dill. Vi

41-93h1 B62 11 350
41030 g Bo2 111 Gh
A1-9%i lm Be2 1 Jzh
41-93ilr 15k 61h
41-93i2 P61 IV
41-93k1m B62 111

11

16.3 . 1.3 sce**

Vi VI

Nb¥(n, p) Ze** 4+ N (n. pn - n.np 4 n. d) Ze*

v
14
147
L5 - 0.9
LS & Y

LLOG & 0,55

1-ho1 i
14,31

1468 -+ 0.31

145 0.9

*t Also measured for 7 MeV =2 By == 19.8 MeV

*: Measured by the anthors

430, bR, 1200, 1330,
1500 il Ep =6 MeV

NI"(n., Zp) Y2

< (LA P
Nh*(n, 2) Yoo
8.6 - 2.5 of, 41933
]__\']]Em("_ 1) \-'!llm
5.9 12 of. 41-93ag
Nb#(n, 2) Y - tot.
9.0 .22
93 L 05
.3
i3
9.4 0.5
NE"(n, nx) Y
25 L1

— 105 —

ef. 12-g1

cf. 13-2761 ef. 41-93adg

- y=activity. ef. H1-93adg
el 13-2701

:oef. 41-93adg

- W

-

ef. 27-539i3

cf. 22-16a2

ef. 41-93alp



42-92alg+m

42-92a2g-+-m

12-92a3g +-m

42-92adg-tm

42-92a5g-+m

42-92a6g+4-m

42-92ulg

42-9201g

42-92alg

42-94b1

11

61 11

P53

B2

R8T

562

P62

Ba2 101

B62 111

Ba2 11

m

15.2 4- 0.3 min*
for Mo™#

75 see for Mo®M
15 min for Mo™#

16.3 min for Mo™'?
65 sec for Mo*W

15 min for Mo™¢

5.2 win for Mo™?

16 min

9.94

Toh

6.6 min

* Measured by the authors

1w

144 203

145 4 0.35

141 2 005

1425 & 0.25

b5 0.9

145 + 0.9

1.7

Vi

MOLYBDENUM

v Vi

Mo*(n, 2n) Mo"¢ -1 Mo**(n, 2n) Mo®

211 - 16
190 - 29
132 = 21
310 L 87
184

315 = 35
198 L 40
58 30
16+ 7
6.0 £ 1.5

Mo"(n, 2n) Mo"'#

Mo*(n, p) Nh*e

Mo"(n, =) Zr™e

Mo™(n, p) Nh*

— 106 —

el. T-14a7

ef. 7-14ul

ef, 13-2764

cf. 29-63al

cf, 8-19a2

ef. 37-87al

cf. 41-93a3g

cf. 41-93a3g

IX

Element

Flement

Element 2.54 = 5.08

cm : thickness 0.0127
cm



42-96b1

429642

429741

42-97b2

42-97h3

A2-98b1

42-100a1

42-10002

24-10033

A2-10061

421 Wil

562

Bo2 11

P33

562

Baol VI

Bo2 11

Pas

S62

Kol 11

S02

Adl

1

20k

Th min

51 min

Ohh

0Th

I
+0.2
o _ 5
14.7

145 L 035

-+ 0.2
146 _ 0.3

118

L5 4 0,35

+ 0.2
LG o
148 L 0.3

+ 0.2
00 o

141

Mo (n. p) Nl

36,6 = 0,2

Mo (n, p) Nh*

108 = 10

G 1)

110 % 20 -
Mo (n, p) Nh*

9.0 = L5 —_

Mo™"(n, 2n) Mo™

A790 £ 1900
2049 - 210

1910 + 190

Mo'(n, ) Zr*

Mor#t(n, p 4+ n.pn) Nh

4 [r!'q
. tftll 1a® 7

120 - 20

O

Vit

ol 37-07al

ef. T-1tal

of. 37-H7al

ef. T-1lal

ef. 37-87al

ef. 17-3505m

cf. 38-A6b2

efl 11-2341

Vi IX

Element

Flement



42-d2 diff.

42-el diff.

Caul

€591

i

14.5

145

v

v VI Vil
el f. 29-d2
4:[‘-".] 343 k22
i)
means for 0 lae,
459, 900, 1359 and
dll = 182
Monat(n, np) Nh
[d’u ef. 29-d2
e -..] =112 11
di)
means for () == 162,
459, 1350 and d) =

180

— 108 —

VI

IX



1 11 1
44-96al P33 1.6k
+1-96u2 Kal 1l 1.6k
449603 Ra6l 1T 1.63 + 0.03*
44-10161 P33 15 min

* Measured by the authors

14.5 = 0.35
14

144 & 03

165 4+ 035

v

VI8 2+ 90
616 - 50

634 - 51

w
n

199 & 1w

Vi

RUTHENIUM

Ru*(n. 2n) Ru®

Ru™(n, p) Te'™

— 109 —

Vil Vi

el 7-14ul

ef. 17-35a5m

ef. T-14a7

ef. T-14al

Ttutl,

Element

Ru0,



1 11 111 v v VI Vil Vi X

RHODIUM

Rh"(n, 2n) Rhe2

45-103al Té6o — 13.9* 730 - B0 — _ o —
140 TH - 80
14.6 770 = 80
15.1 790 - 80

Rh'93(n, He?) Tero

45-103f1 B62 11 14 min 14.7 < 109 o~ — =

Rh'"(n, p) Ru' + Rh"“*(n., pn + n, np -+ n, d) Ru®

45-103g1 diff. V3

!

3 5
14 h-[;ﬂ] =15 &+ 43 cf. 12-gl
means for § = 300,
1459, GO0, 900, 1200,
1359, 1500 and By, =
7 MeV

43-103g2 diff.  E39 10 — 14 & =i 0.5 ol 51-g1 Foil, thickness 30-
Sterud,
for d€) = (0 — 150
and Ep = 4 MeV

H g fem®

R’lln:l(ue z:l Tc""‘

63 o 2° el 7-14al Rh0,

1

45-103i1 P33 BO see 145 -

tn
It

=
ta
&

* Also measurcd for 10.3 MeV == E,, = 15.1 MeV

— 110 —



1 It 1 v ¥ ¥i Vi Vi

PALLADIUM

pdlnl(n_ P} Rhyg + Pdm\(", P) Rl

A6-104b1g+m P53 44 sec for RA'™9 145 5 035 132 = oh of. 7-1dul Element
4.3 min for RETW

Pd"3(n, p) Rhvs

46-10561 P33 6.5k 1L5 = 0,35 743 520 ef. T-14nl Element

Pd(n, =) Ru'"

46-108i1 B3 +5h 1405 = 0,55 23 & 0. of. 27-39i3

Pd""(n, 2n) Pd'

46-110a1 154 13k 145 4 035 1948 = 1000 ef. 7-14al Element

Pd'(n, 2) Ru?

46-11041 P53 4 min 145 + 0.35 13.8 + 6.2 of, 7-14al Element

Pdret(n, p) Rh + Pd»*/(n. pn + n, np + n, d) Rh

4621 iff. Vst = 14 = [‘:;J 72 of. 121
A

means for | = 309
130, G600, 900, 1200,
1359, 150 and Ej, =
& MeV

— 111 —



1 11 11 v v Vi Vil VI X

SILVER

Ag'i(n, 2n) Ag" 1 24.5 min.

47-107al 1 Pa3 25 min 145 4 0.35 319 - 260 ef. 7-14ul Element
47-107a2 1 F33 245 min 14.1 60 4 56 ef. 13-27b2
47-107a3 1 Ya7 243 min 141 = 015 458 - 50 ef, 13-2763
47-107at 1 Vil 24 min 141 THD - 80 rel. : ef. 13-27i10 Seactivity, d= geometry, Total error Foil 20 mg/em* thick-
Al¥(n, x) = 116 mb prop. counter ness
47-107a5 1 Mal L1 24 min 14.8 H62 4 O ef. 11-23i2
+7-107ab 1 (AN 244 | 0.5 min** 144 + 0.3 BBG - 65 cf. 7-14a7 Element
47-107a7 1 S6l 11 245 min 141 L 0.2 37 - 15 cf. 13-27612
47-107a8 I Kal Il 24.2 min 14.8 & 0.5 637 -+ 100 ef. 17-35a5m
47-107a9 1 T60 — 13.0% 3 - —_ — e
110 340
14.6 360
15.1 390

Agi"(n, 2n) Ag'™ 11 8d

47-107al 11 Vil B.4d 14.1 a00 4 78 rel, : ef, 1327710 K-y-voincidence with 2 Tatal error Foil, 0.3 mgfem?
AP(n, 2) == 116 mh Nal ervstals thickness

47-107a2 11 M6l 11 8.2d 148 ~0300 efl 11-23i2

47-107a3 11 POl IV Rel. measurement ™ ef. 22-46a2

*! Measured by the aunthors
** Also measured for 10.3 MeV == E, 3.1 MeV
** Measured for 9.5 MeV == E; == 19.8 MeV

— 112 —



47-10TkIm

AT=1000 ]

AT-104a

AT-10903

47-10901

AT-10905

AT-11ahy
47-109a7

AT-10041

AT-10042

47-10963

AT-10040F

47-109i1

11

Bo2 11

Ka0 1

Mol 11
Ri91

39 11

pEL

Pol1v

M6l 11

K59 11

1

3 min

2.3 min
2.3 min
2,35 min

2.4 min

2.3 min

2.3 min

140.8 min

v

1-hT

LS - 035
1

LT & 015
11

L3 & 0.5
118

1h8 L 0.5
15

14

013

14,31 £

* Also measured for 7 MeV = E, == 19.8 McV

= 20

311 150
Toa = T
il & 6

B0 £ 150

619 - 110

LERRRE ]

710 4= 110
125 4 Ly
s - Lg

14.3 & LT
149 £ 1.8
149 & 1.8
148 - 1.8
LhT 4 1.8

27405

3 L6

VI

Ag"(n, nz) Rvwim

Ag"(n, 2n) Ag"

ef. 47-107n} 1
(n, 2n) = TI0 b

Ag'(n, p) Pd

Ag!(n, 2) Rl

— 113 —

Vil Vi

ef, 7-Liel
of. 13:2752
ef. 13-27h3

Seaetivity, 27 geometry,  Total error

prop. eounter

ef. 13-2767

vl 24-50a2
of. 17-35a3m

el 19-115:2
el 18-112i2

el 22- a2

ef., 11-23:2

ef, 13-27b7

Flement

Faoil 20
thickness

g em®



47-109k1g

47-al

47-d1 diff,

47-42 il

47-g1 diff.

11

B62 11 36k

A58 1T

A6l

ciol

E591

111

14.7

141

141

14.5

14

Ag'(n, nz) Rh'se

< 0.60 —

Agnet(n, 2n) Ag

1730 == 130

Agnret(n, p + n, pn) Pd

de
i ] < 14
I!ﬂo

i)

d M
= [d:] =2 + 3
means for 0 = 0°,
450, 900, 135 and
d0 = 18

cf. 1-2al

vi

cf. 11-23d1

cf. 20-42

Agret(n, p + n,pn + n,np + n,d) Pd

G
Sterad.
for d€)} = 0° — 150
and Ep = 4 MeV

35 4+ 07

— 114 —

cf, 51-gl

VI

5.4

Element

Foil, 40-50 mg’em?
thickness



48-106a1 R61IT 50.7 £ L0 min*!
48-10651 L58 24 min

48-111561 L5 _
48-11152 P61 IV -
48-11261 L58 —
48-112i1 P61 1V —

*! Measured by the authors

144 4 0.3

14

1401 o4 0.10%*
14.09 -+ .10
14.31 4 0.13
14.50 -4 0,20
14.81 4 0.31
14.93 4 0.36

13.88 -1 0.10%
14.09 & 0.10
14.31 -+ 013
14.50 -+ 0.20
14.68 4 0.26
14.81 4 0.1
14.93 - 0.36

** Also measured for 7 MeV == E,, == 19.8 MeV
*2 Also measured for T MeV = E, = 19.8 MeV

76 + 24

9.8 43

234101
2.8 + 0.1
2.8 5 0.1
3.1 4. 0.2
34 102
3.3 502
3.3 402

VI

CADMIUM

Cd"s(n, 2n) Cdmws

Cdi®(n. p) Ag't

rel. @ ef, 48-112:2
Cd"(n, o) = 1.35 mb

C‘Illt(", P) Aglll

Cdll?(n_, .") Ag: 12

Cd"2(n, z) Pdwe

— 16 —

VIl Vil

ef. 7-14a7

f-activity, geiger coun- —
ter, chem. separation

el 48-106b1

ef. 22-46n2

cl. 48-10651

ef. 22-46a2

IX

Element



a8-112i2 Dig Lih JEN |

H8-113b1 L58 — 14

+8-114ig Dag 22 min 14.1
AH-114i1m n5g a5k (E]
48-116alt il 1 - Ihol + 0.10%

14.81 + 0.31

14.93 + 030

d8-116alg Kal Tt 53.5h 148 & 0.5

* Also measurcd for B.8 MeV == E,, = 19.8 MeV

L35 L 0.27

i
T
o)
=

0.51 L 0.13

0.13 L 0,06

1690 - 118
1604 4 115
1748 = 124
1634 - 116
1642 4 117
1588 - 113
1634 = 116

690 - 100

VI

rel: el 27-63a
Cu®{n, 2n) — 300 mhb

Cd¥(n, p) Ag'#

Cd''{n, 2) Pditrs

Cd“‘(u, 2] Pdtirm

Cd'"(n, 2Zn) Cd'® - tot.

(‘_d]m{n‘ 2“) Cdyise

— 117 —

Vil Vi

Standard deviation

exp. deter
nated with standard sour-
ees ol Al-foils of diffe-
rent thickness

el H-10661

ef. 48-112i2

of. 48-112:2

ef. 22-46a2

efl. 17-35u5m

Thickuess after chiem,
separation 2 mglem?




1 i1 11 v v VI Vil VI X

48-116a2g P61 1 53h 14.01 + 0.10* of. 22-46a2
14.09 = 0.10
1431 = 0.13
14.50 & 0.20
14.68 - 0.26
14.81 + 0.31

14.93 - 0.36

Cads(n, 2n) Cidrism

48-116alm Pl 1 13d LLOL & 0.10°  HI0 = B4 ef. 22-46u2
1400 £ 010 769 = 77
1431 4 013 B35 &
14.50 Ho8
14.68 -
14.81
14.93

48-116a2m K611 43.5d4 148 1 0.5 490 - 70 of. 17-35a3m

Cdrat(n, 2n) Cd

48-al A58 11 — 141 1920 - 150 ef. 1-2al

Cdnat(n, p) Ag + Cdret(n, pn) Ag

ey

A8-d1 diff, A6l = 141 4 [ ] i of, 11-23d1
dil] o

Cdnot(n, p + n,pn - n,np 4 n,d) Ag

4B-gl dill. F59 11 - 14 ¥ e ER ef. 51-g1 Fuil. 30-40 mg/em®
Sterad. = .
thickness
lor d£} — 0% — 150

and By = 5 MeV

* Also measured for 12 MeV = K, = 19.8 MeV

— 118 —



49-115alm 1

49-115a2m 11

49-115b1

49-11562

40-115i1

49-115i2

I

Gao 1

Pol I

D3

ol V1

B35 111

Cie 11

I

42 L 2 msee®?

S0.0d

124

*! Measured by the anthors
*2 Also measured for 9.3 MeV == I, == 19.8 MeV

13.88 & 0.10%2

14.31 4
14.50 4 0.20
14.81 +

1493 4 0.36

In'%(n, 2n) In'"'m 1 42 msec.

800+ 400

In'(n, 2n) In'¥a IT 50d

= o

oS -

15.5 4. 4
2049
2.5 4 Lt

2.89 4 0.29

VI

INDIUM

rel., : ef. 29-63a

Cu®(n, 2n) = 500 mh

In'(n, p) Cd"=

In'%(n, =) Ag'

rel.: AFi(n, z) = ¥

— 120 —

viI

ef. 12-24b1m

ef. 22-46a2

of, 48-112i2

ef, 27-59i3

feactivity. b= geome
prop.  counter. Activ
measured after chem. se-
paration with a fuil of
20 pelem®, Absorption
and seattering of the §

in the foil neglected

Vit X

Standard  deviation -
contains : statistiva:

neutron flux; chem.

separation



49-115k1

49-d1 dill.

49-g1 dlill.

49-92 Jltl,

B62 11

Al

L3911

10

In"3(n, na) Agh?

= (LU55

Turet(n, p 4+ npn) Cd

" l"GJ -1
“laod e

el 11-2341

Intet(n, p + n, pn + n,np + n,d) Cd

a
Ster.
for 0 — 13
and B = 5 MeV

Lo 2 3

e l'-"q] 20 .. 9
ol

means for 0 30,
430, 6U0, 900, 1200,
1350, 1500 e 1%y, ==
# MeV

— 121 —

el 5l-g1

of. 12-g1

Vi

S0-H0 mg o’



I 11 i v v VI Vil VI X

TIN

Sn'®(n, 2n) Sn'"

50-112al R391 32,5 min 14 1400 & 110 ef. 17-35a3m

50-112a2 R61 11 321 £ 0.6 min*! 144 4+ 0.3 1508 = 122 cf, T-14a7 Element
50-112a3 Pol 1 Rel. measurement** cf. 22-46a2

50-112a4 T60 — 13.9%3 725 = 80 — —_ == iy

Sul(n, p) In'' - Sn"(n, pn -+ n, npr + n. d) In's

a

30-gl difl, E59 11 - 14 < 1 for df} ef. 51-gl Sn''¢ enriched 98 9,
Sterad. 3 :
. thickness 10 mg/em?®
= 09 — 150 and E,
=4 MeV

Sn'%(n, «) Cd11s

50-118i1 P6LIV 53k 13,88 & 0.10%  0.76 & 0.05 ef. 22-46a2
1409 £ 0,10 0.93 4 0.07
1431 £ 013 0.94 4+ 0.07
1450 £ 0,20 114 4 0.08
14.68 4+ 0.26 113 = 0,08

1181 +- 0.31 1.23 + 0.09

Sn®(n, p) In'>e

50-120b1g Pon 11 3 see 14.8 4 0B ~1 ef. 27-39%alg S puriched

Sn'®(n, p) Inizom

50-120b1m Poo 11 50 sec 14.8 & 0.4 28 +1 ef. 27-591g Sn'=" enriched

*! Measured for the authors

*2 Measured for 11.2 MeV = E, = 19.8 MeV
*3 Also measured for 11.8 MeV and 12,9 MeV
** Also measured for 12 MeV = Ej == 19.8 McV

— 122 —



50-120gl diff,

50-d1 (il

11

a9 11

Al

11 v ¥ Vi Vit Vi

Su(n, p) In' + Sn™(n, pn + n, np -+ n.d) In

o 14 ol <= 1 fur dt) <6:30%!
Sterad.
= 0" — 15" and Fp,
o MeV

S”imf{"_ P -+ ”5,””) In

* da
—_ +1 -F:‘V —] = 15 ef. 11-23d1
: o) e =

— 123 —

Sty enriched 981,
thickness 10 mgem®



531-121al 1
51-121a2 1
51-121a3 1
3l-121ad 1

51-121a5 1

51-121al 1

51-123alg--m
31-123a2g -+ m
31-123adg b-m

Sl-123adg-t-m

1

P33

R38 1

K59 111

Rl 11

Kol 11

o1l

P53

K911

K6l 11

Pol 1y

15 min

15.7 min

16.2 min

153.7 = 0.3 min®*!

16.5 min

2.8
2.8d

2.Hd

*1 Measured by the authors

*2 Measured for 9.4 McV = E,

v

14.5 + 0.35

14
143 L 05
L = 0.3
LA - 0.5
Rel.

145 + 0.33
14.3 - 05
14.8 & 05

14.00 5 0.10%
14.09 & 010
1431 £ 0,13
14.50 = 0.20
14.68 - 0.26
14.81 £ 0.31
1493 L 0.36

= 19.8 McV

*3 Also measured for 12 MeV = 15, = 19.8 McV

Sh**t(n, 2n) Sh'* T 16 min.

750 2 150
1000
4533 1

1036 + 80

1180

1245

1706 -

1950

1280 &
+ Ba

1263 & 60

1336

i 180

Sh2l(n, 2n) Sh™ 11 5.8d

oo

100

- 200

0

1342 3 70

1255 ;& 65

1260 4 63
1192 L 60

ANTIMONY

Sh*¥(n, 2n) Sh'# rm

— 124 —

Vi VI

ef. 7-14al

ef. 7-14a2

cf. 13-27b7

el 7-14a7

ef. 17-35u5m

ef. 22-46a2

ef. 7-14al

el 13-27b7

cf. 17-35a5m

cf. 22-4ba2

Element

Element

Element



Sl-dl difl.

5legl dill.

51-g2 dill.

I

Anl

159 111

E59 11

111

111

v Vi vii vin X

Shuet(n, p 4+ n. pn) Sn

i
= [’ "1 ~1156 of. 11-23d1
Al ) oo

Sheat(n, p |- n, pn |- nonp |- n. d) Sn

s
i}
A = " — 60" and
Ep > 5 MeV

22 & 4 for  abs. : proton recvil-tele-  Telescope ;s 2 prop. coun-  Stat. error Thickness 7 mg'em?

Senpe ters in coincidence with
a Csl erystal

o

- 4 -2 el 50-gl Thickness 30-10 mef
Steradd.

em?
for d02 0 — 130
and Ky = 5 MeV



-128al

o
=

52-128e1

52-130alg-+m

32-130¢l

52-130 i1

52-d1 dill.

52-gl diff.

P33

B39 11

P33

B39 11

C3911

Aol

E39 11

1

9.3h

70 min, 32d

v

145 + 0.35

1L5

14.1

v Vi Vil Vi

TELLURIUM

Te'(n, 2n) Te
< 719 + 230 ef. 7-14al

Te'®(n, pn) Sh'** + Te™ (n, np + n, d) Shb'*

0,33 2 0.03 rel. : ef, 13-2765 Activation method, 4= —
Al (n, x) = 111 mb counter: chemical sepa-
Sandwich method ration. a(n, np) and a(n, d)

are supposcd to be small

Te'(n, 2n) Teotm

399 4 120 ef. 7-14al

Te!*'(n, pn) SH* + Te'™(n, np 4 n, d) Sh'*

0,17 4 0,02 cf, 52-12del

Tcl:lﬂ{n’ 1) Sun?

0.37 L 0.06 ef. 49-115i2

T{.‘,”’”(”a p+on, p]‘l) Sh

i
= [' "l <3 of. 11-2341
UL P

Tenat(n, p + n, pn -+ n,np + n.d) Sh

a
Sterad.
= — 15% and Ey
= 5 MeV

< 1 for d2 cf. 51-gl

IX

Element

Foils: 50 mg/el
thickness.  Isotopi-
cally enriched targets

Powder 40 mg/end
thickness



1 1 1
53-127al P33 134
53-127a2 M3l 13.1d
53-127a3 B62 1 13,05 = 0,084%2

53-12761 a3 9.3k
5312762 B0 9
33-12703 D54 —
53-127d1 diff. A6l Ei
33-127d2 B6l 1V —

1L1 ;b 0.1%

LL5 & 0.35
141 & 0.1

145

14.1

TRD 0%

*! Also measured for 9.5 MeV = ;== 18 MeV

*2 Measured by the authors
*3 Alzo measured for 12.8 MeV
* Also measured for 13 MeV =

= 19.6McV

IODINE

I”?(ﬂ, 2?1} Iz

1120 -+ 400

1300 + 80 abs. : Long-vounter cali-
beated  with o Ra-Be
source

13.20 - 110

' (n, p) Ter
< 231 4 140
254 15

11.7 - 1.8

I'#(n, p) Te'*™ + 1'% (n, pn) Te's

da
1-::[ ] =5
A0 ]

131 £ L3 by éva- rel : ell 3-6h3
poration 2.1 - 0.2hy  Li%n, z) = 25.8 mb
ilirect-processes and  the  asswmption

a¥(n, p) = 6, n, p)

— 128 —

viI

ef. 7-14al

Nal erystal
and

S-activity 3
served  as
counter

target

efl 29-65u8

ef. 7-14al
of. 11-23b2

of, 48-11272

el 11-23d1

sl erystal served as tar-
get amd eounter, Separa-
tion of 2-. p- and y-pulses
by pulse shape diserimi-
nation, Separation of n. p-
l“‘[I nAp-processes lllll]
of evaporation- amd di-
recl-processes by stal.
theory

Vi

Estimated total error

Error contains :
tron flux : pulse shape
diserimination ; statis-

nen-

Lies,

NH L Lil

Nal erystal

NILT: LT

Csl erystal



53-127el

53-12741

53-127i2

53-127k1

I

Bol IV

Bol IV

Bol IV

1

20 min

LL1 & 0%

145 = 0.35

141 = 0.0*

[EN N

*1 Also measured for 13 MeV-=E, = 21 MeV

v

1302

< 184 = 28

Log & 013

0.02 = 0.004

VI i

1" (n, np) Te's

rel, : of. 3-0h5 ef. 33-127d2
Li%(n, 2) = 25.8 mb
and  the  assumgption

Hnonp) = 6.0, np)

I (n, 2) Sh=
ef. -1l

ef, 533-127d2 il for p- say =

I'¥(n, na) Shi=

el 33-127¢l and Tor p say =

— 129 —

VI

NILIL; Lil



553-133al

55-133a2

55-133d1

55-133el

55-133f1

55-133h1

35-133i1
53-133:2

35-133i3

i

M6l 1

B62 1

B61 IV

B61 1V

1362 11

B62 11

Bag

€911

Bol 1V

6.4 £

8.1d

2.3h

12.6h

*! Measured by the authors
* Also measured for 13 MeV == E, == 19.6 MeV
** Also measured for 13 MeV ="F, == 21 MeV

111

0.05%¢

141

11 40,002

141 4 0.1%

14.1 4 0.1%3

14.7

14.7

1405 1 0,05
14.5

14.1 - 0.1%3

v
1550 1. 250
1289 4 130

Vi

CESIUM

Cs¥3(n, 2n) Ce'™

Vi

cf. 38-86alm

ef. 29-65a8

Cs'(n, p) Xe' 4 Cs'¥(n, pn) Xe'#

13.1 - 1.3 by ev

‘apo-

ration 2.1 - 0.2 by

direct processes

< 0.15

< 0.005

1403
1.9 0.2

108 = 0,13

Cs"(n, np) Xe'

CS”"(!I, Hc::) [1ar

Cs! ::a(n! 2P) Troe

Csl.'ill(”-. 1) T

— 130 —

ef. 53-127d2

cf. 52-127¢l

ef. 27-59:3

el. 49-115:2

ef. 53-127i2

vin

Cs,C0; powder

(2,00,



55-133k1 Bol 1V - 141 + 0.1°

* Also measured for 13 MeV = E; = 21 MeV

0,02 & 0.004

vl

Cs'¥3(n, nz) T

— 131 —

¥Il

el 53-127k1

Vit



56-134ulm

3-136a 1m

36-13641

36-136b2

36-138alm

S6-138461
536-138H2

a6-138b3

56-138ilg

36-138i1m

11

W60 I

Won I

Wi I

C3911

Wan I

P53
Wai I

C59 1

Fol Il

Fe61 11

11

38.9 & 0.1k

28.7 - 0.2h°

13.5 £ 0.5d4*

262 0.1 min®

33 min
325 & 0.3 min*

* Measured by the authors

v

14.8 - 0.8
14.8 + 0.8
14.8 + 0.8
14.5

14.8 = 0.8
14.5 1 0.35
148 0.8
14.5

14.2 + 0.2
141 -t 0.2

BARIUM

Ba'®(n, 2n) Ba'33m

940 - 8O
Ba'®(n, 2n) Ba'®mn
00 - 80
Ba'¥(n, p) Cs'#
49410
383 4
Ba'(n, 2n) Ba'm
1250 & 100
Ba'*(n, p) Cs'%
6.3 4 2.2
25+ 1.2
2.2+ 03
Ba'#(n, «) Xe'#s
132
Ba'%(n, o) Xe!sn
13+ 2

— 132 —

viI

ef. 13-27b4

of. 13-27b4

ef. 13-27b4

cf. 49-115:2

ef. 13-27b4

cf. T-14al
ef. 13-2754

ef. 49-115:2

ef, 13-27b11

ef. 13-27611

Vi

BaO.; BaCl,.2HO
Ba(NO, ) thickness
30-150 mg/em*

ef, 56-134alm

ef. 56-134alm

ef. 36-134alm



57-13961

57-13962

57-13963

57-139h1

5T-139i1

57-139i2

P53

Woul

a0 11

B62 11

wou I

€59 11

m

#3 min

B3 = 1 min*

A2 min

13.5  L5d*

* Measured by the authers

v
1E5 - 0,45
IhE + 0H

233 - 035

< 0032
1.3
187 20

VI

LANTHANUM

La'™®(n, p) Ba'

La'(n, 2p) Cst

La'®(n, «) Cs'®

— 133 —

vil Vit

ef. 7-14al

ef. 13-27b1

cf, 49-115:2

cf. 13-27b4

efl 49-115i2

Lu(NO,),
La,O5:  La(NOsh,.

CILO ; thickness 33
180 mg/em®

cf. 37-13952



I 1 11 w v VI vin Vil X

CERIUM

Ce""{(n, 2n) Cet¥t!,

58-140ale Wl I =y 148 £ 0.8 3000 - 400 ef. 27-3%9alg ef. 58-140alm
Ceto(n, 2n) Ce'
58-140alg Woo I Lo = 10d* 148 - 0.8 1800 - 400 of. 27-5%9alg ef. 58-140alm
Ce? m(n, 2!&) Cetanm
58-140a1m W60 T 65 = 10 see® 14i = 08 1200 = 400 of. 27-39a1g Co(NO,),.61L0 ¢
thickness 30-120 mgf
em?
58-140a2m Pal IT1 57 4 5 see® 141 2 01 1440 4 160 ef. 13-27h8
Cc””(l‘l._ P) Tane
58-140b1 W I 40 - 24 14.8 L 0.8 10 2 ef. 27-39alg cf. 38-140alm
58-14062 €39 11 - 145 12.1 :t L2 cf. 49-115i2
Cer(n, o) Batsm
5A-140ilm Pa3 2,5 min 145 - 0.35 121 -6 el 7-14ul Ce(NO3)y
58-140i2m Wi T 2.6 4 0.1 » 14.8 = 0.8 9L 2 ef. 27-59alg cf. 58-104nlm
Ce'%(n, 2n) Ce™
58-142a1 Waoo I 32 L2t 14.8 = 0.8 1600 - 300 ef. 27-5%a1g ef. 58-140ulm

* Measured by the anthors

— 134 —



aH-142b1

SH-14262

5H-142¢1

SH-14261

5H-142:2

Wol 1

(FEL Y

B39 11

Wob 1

€59 11

1

T = 3 min®

85 = 1 min*

* Measured by the authors

IV
18 = 04
L5
145

L8 £ 08

LS

VI

(‘.v"“{n,p) [.a'tt

i Vil

of. 27-3%9aly

of. 19-115:2

Ce'#(n, pn) La'' 4 Ce'2(n, np -+ n, d) La™

Lo .02

82

.04 4 0.7

Ce'2(n, 2) Ba'®

— 135 —

ef. 32-12Hel

ef. 27-59%alg

ef, 49-115:2

ofL 5H-1 M0l m

el. 58-1-40alm



59-1+1al
59-141a2

59-141ad

59-141ad

50-141a5

59-141a6

59-141b1

59-141h1

11

P53
W I

R 1

F60

R61 1T

kol 11

Woo I

B62 11

11

34

3.5 L 0.2 min*

3.27 min

313 L 0,09 min*d

3.5 min

32 L 2dm

40.2h

* Measured by the authors
** Also measured for 12,5 MeV == E, == 14 MeV

w

14.5 £ 0.35

148 = 0.8

Lhd 2 0.3

14 2 0.5

IeR = 0.8

PRASEODYNIUM

2100 = 300

1768
1386 . 125
1591 4 143
1801 - 135

1378 - 206

< 0.8

VI

Pr''(n, 2n) Pyt

Pr”'(u,p] CeMt

Privi(n. 2p) Law

— 136 —

Vi VIl

ef. T-14al

ef. 13-2754

ef. 7-14a2

ef, 7-14a3

ef. T-14a7

ef. 17-33a5m

ef. 13-27h4

PrO,

Element, Pri),
Pr{NO,),.6H.0
thickness 20-130 mg/

em?

Pr0,

Pr, 0y

efl 539-141a2



60-142al

60-142a2

60-142a3

6014261

60-142i1g

60-142ilm

6i0-143b1

60-146i1

Gl-14602

Woo I

R30I

Rel 11

3911

Wou 1

Wool

€39 11

Woo 1

€59 11

111

25 = 0.3h°

2.33h

2,54 .- 0.05h*

140 = 104

65 & 10 see*

30 L 2h*

* Measured by the authors

v

148 - 0.8
14

1ab 1 0.3
143

1.8 = 0.8
L8 2 0.8
145

Lhg 4 0.8

145

‘I’
20060 - 200
2480 2. 200

2411 = 200

1
-3

13.5 =

2

VI

NEODYMIUM

Nd¥*(n, 2n) Nd¥

Nd"2(n, p) Pri#

Nd"3(n, 2) Ce'ss

Nd2(n, «) Ce'om

Nd"3(n, p) Pri

N(l""‘{ﬂ, 1] Cull'.i

— 138 —

vil

ef. 27-39alg

ef. 17-35a3m

ef. 7-14a7

ef. 19-115:2

ef. 27-3%alg

ef. 27-59alg

cf. 49 -115i2

of. 27-5%lg

ef. 49-115i2

Vi X

N0, nat. and iso-
top. enriched Ne'i®
(8459 ©4);  Nd'*®
(93.5 %)

Nd,0,

cf, 60-142a1

cf. 60-1:42al

ef. 60-142al



G0-14Hal

GO-14841

60-148i1

60-15001

11

Wat 1

Wi I

Wi I

Woo 1

11

1L3 == 0.5d*

31 - 0.2 min®

LE = 0.1h*

* Measured by the anthors

v

14.8 2 0.8
L4 - 0.8
14.8 - 0.8
118 - 0H

v

2160 = 200

Y

2200 & 300

VI

Nd'#(n, 2n) Nd"7

Nd'=(n, p) Pr!s

Nd'#(n, ) Ce'®

Nd'™(n, 2n) Nd"*

— 139 —

vil

of. 27-3%alg

el 27-59ulg

ef. 27-5%alg

VI

ef. 614 2al

el 6i-142al

o, 6i-142al

ef. 60-142al



62-144al

62-144a2

62-152b1

62-152i1

62-152i2

62-154n1

62-154a2

62-154b1

62-154i1

11

Was

Rol 1T

Wah

P53

Wi

P53

Wb

Wik

Wil

8.5 + 0.3 min*

9.4 4 0.6 min®

6.5 4 0.5 min*

1.7h

1.6 - 0.34*

4Th

45 4 3h*

25 = 0.5 min®

17.3 £ 0.3 min®

* Measured by the authors

v

14.8 - 0.9

144 2 03

LLe - 0.9

145 & 035

14.8 & 0.9

14.5 & 035

148 4= 0.9
148 2 0.9
1t 0.9

v
1200 - 300
1ag4 = 120
37202

.0

w

1022

< 2250 - 900

1300 -+ 300

SAMARIUM

Sm'(n, 2Zn) Sm'"?

Sm'#(n, p) Pm™

Sm(n, z) Nd"*

Sm*(n, 2n) Sm's

Sm"(n, p) Pm'®

Sm"i(n, z) Nd®

— 140 —

Vil Vi

ef. 13-27b4

cf. T-14a7

ef. 13-27b4

ef. T-14al

ef. 13-27h4

ef, 7-14al

ef. 13-2754

of. 13-27b4

ef. 13-27b4

Sm,0, nat. and enri-
ched : Sm'*:97.29%;
Sm'32: 99,79, ¢ thick-

ness 35-120 mg/em?

Sm.0,

ef. 62-144al

Sm,0,

cf. 62-141al

Sm,0,

el 62-144al

ef. 62-144al

el 62-144al



163-15ulg

63-151n2g

63-133ulm

63-15302m

03-153b1

Won I

Kol 11

Won I

Kol 11

3911

1

15 = 1h*

13.4h

9.3 = 0.5k

9.3h

* Measured by the authors

IR

LB &

(BN,

(B

08

105

v
00 5 200
GH = 6
T50 - 200
164 = 25
T4 L 0.7

Vi

EUROPIUM

Eu't(n, 2n) Eutty

Eu'®(n, 2n) Eu'2mn

Eu'¥(n, p) Sm'*

— 141 —

Vi vin

of. 13-27b}

ef. 17-35a5m

ef. 13-2764

ef. 17-35a5m

ef. 19-115:2

thickness 23 mg em®

el 63-151aly



1 11 I v v VI Vi vin ) 5.6

GADOLINIUM

Gd'%(n, z) Sm?

64-1536i1 Ci9 11 —_— 14.5 3.22 L 048 ef. 49-115:2

Gd'* (n, p) En'¥

6415761 C59 11 —_ 14.5 11.3 + L7 ef. 49-115:2
Gd'(n, 2n) Gd™®
64-160al P53 18k 14.5 £ 0.35 L4704 820 ef. 7-14al Gd,0,
fik-160a2 W 1 18 -+ 0.3h* 14.8 &+ 0.8 1450 - 300 ef. 13-2764 Gd,0, enriched
Cd'®: 95,39 ; thick:
ness 50-200 mgfen®
G4-160a3 Ka6lII 17.4h 14.8 £ 0.5 1725 4- 170 ef. 17-35a5m

Gd®(n, ) Sm'¥
64-160i1 W60I 0.5+ 0.0 min®  14.8 = 0.8 241 cf. 13-27b4 of. 6£-160a2

* Measured by the authors

— 142 —



63-15961

63-159h1

Bal vl

B62 I

m v v VI Vi

TERBIUM

Th'#(n, p) Gd»®

— 148 ~2.2 = -

Th'#(n, 2p) Eu'®

601 min LT < 0.080 = =¥,

— 143 —

Vi



66-162il C3911 —
66-163b1 Won I 7+ 1 min*
66-164i1 Weo 1 3.7 £ 0.3 min*

* Measured by the authors

DYSPROSIUM

D},.lr.z(n.___ 2) Grao

14.5 3.56 4 0.36

D}-""I'!(n, P) Tblﬂa
14.8 - 0.8 341

D},m.l(u, a.) Gdisr
148 £ 0.8 4.5 4 0.8

— 144 —

Y1l

ef. 49-115i2

ef. 13-27b4

cf. 27-5%alg

Vi x

Element,purity 989,
thickness 80 mg/em?,
Dy enriched 747, :

thickness 35 mg/em

cf. 66-16351



67-165al

67-165b1g

67-16501m

Kol 11

Fol I

F61 1l

1

38.5 min

v

14.8 & 0.5

14.1 - 0,2

14,1 £ 0.2

v VI yi

HOLMIUM

Ho'(n, 2n) Ho'™

2100 + 210
Ho'(n, p) Dy'e

40 - 10 ef, 13-27011
HD'“(I‘!, P) D)”r’h"'

<1 ef, 13-27b11

— 145 —

Vil

X



68-166a1

68-16741

G8-168b1

6B-108ilg

G68-168i1m

68-170al

68-170b1

68-170i1

Woo I

Wool

Wool

Woo I

wa 1

W0 1

Woo 1

Waoo I

1
10 + 1h*
3.1 &+ 0.16*

3.3 + 0.5 min*

140 4. 5 min*

L3 + 0.2 min*

9.8 - 0.5d*

40 - 10 see*

4.4 3 0.4 min®*

* Measurcd by the authors

v

14.8 + 0.8

148 - 0.8

148 & 0.8

14.8 L 0.8

148 - 0.8

14.8 - 0.8

14.8 & 0.8

14.8 & 0.8

1000 -t 400

0.5 + 0.2

14+02

1200 - 500

1.8 4 0.5

1.0+ 0.2

Vi

ERBIUM

Er'®(n, 2n) Exr'%

Er'%(n, p) Ho'®?

Er*®(n, p) Ho'®

Er'®(n, a) Dy's

E‘l‘m“{ﬂ', c,.‘) Dyu:s e

Er'®(n, 2n) Er'®

Erﬁu(n, P) Hot®

Er'®(n, «) Dy

— 146 —

Vit

cf. 27-59alg

cf. 27-3%alg

efl 27-5%alg

of. 27-59alg

ef. 27-5%lg

of. 27-39alg

cf. 27-59alg

ef. 27-59alg

VIil

15.€

Element. purity
= 98 ©,: thickness
50-180mg/em? ;Er,0,
enriched  Er'**
76.9% ;Ee'™:87.3%,
thickness 35 mgfem?®

ef, 68-166al

ef. 68-166al

cf. 68-166al

ef. 68-166al

ef. 68-166al

of. 68-166al

cf. 68-166al



1 11 Il
70-176al Wal 1 2 = 0.2d*
T0-170a2 K61 11 99h

* Measured by the authors

v v VI v VI

YTTERBIUM

Yb'*(n, 2n) Yh'™

148 & 0.8 430 = 100 of, 13-2704

118 £ 0.5 TH6 = HO ef. 17-35u5m

— M7 —

Element,
A0 mge/em®

thickpess



71-175al

17-17561

LUTETIUM

Lu'#(n, 2n) Lu'™

Wao 1 14.8 4 0.8 1600 - 300

Lu'%(n, p) Ybvs

Cc5911 — 14.5 342 £ 0.51

— 7§ . —

Vil vin

ef, 27-5%alg

ef. 49-115i2



T2-178:1

11

il

11

Vi

HAFNIUM

HE¥(n, ») Yh'™

— 149 —

v

el. 19-115:2

vin



T3-181ale

T3-181a2r difl,

T3-181alm

T3-181n2m

T3-181a3m

T3-18141

* Also measured for 12,1 MeV ==

A58 1T

R57

P61l

P33

Pao 1f

5591V

1

8.15h

141

111

1388 2 0,10
1409 ;. 0.10
1431 & 013
1450 5 0.20
14.68 = 0.26
143 = 0.35

14.8 1+ 0.8

=19.8 McV

v

2640 = 200

1800 = 300 for
Iy 0.5 MeV ;a2
= 4=

Ta'!(n, 2n) Ta'som
1118 & 56
1132 1. 56
1115 3
1116
1087 |
867 L 220
2740 & 30

Ta®!(n, p) H{™!

25203

TANTALUM

— 150 —

Vi

Ta®!(n, 2n) Ta™ - tot.

v Vi

cf. 1-2al

ef. 4-9al

cf. 22-46a2

ef. T-14al

efl 50-120b1

Flement

Element

IX



T4-182b1

T4-183b1

T4-184b1

T4-184b2

74-186b1

T4-18662

T4-186b3

Td-186e1

11

Sa0 1V

839 1V

59 11

Pol1 1V

C3911

P6l IV

B39 11

1359 11

11

v v Vi VII

TUNGSTEN
Wisz(n, p) Ta'e

14 2.3 + 0.2 = -
WIF:‘(“‘, P) Ta'llﬂi

14 2.8 = 0.3 — —;
W‘“*‘(n, P) Tas

145 175 4 0.95 ef, 49-115i2

14.8 14 44 = =z
Wiss(n, p) Ta'®

145 2.9 .1 0.6 of. 49-115i2

14.8 _ —

13.7 4 0.25¢ of. 52-128¢1

1485 £ 0.13

Wss(n, pn) Ta®™ 4 W'(n, np + n, d) Ta
13.7 & 0.25* < 0.04 of. 52-128el

145 £ 03 0.11 = 0.05
14.85 + 0.15 0.3 - 015

* Also measured for 18.0 MeV == K, = 21.2 MeV

— 151 —

VIII

X



75-187al

75-187b1

75-187i1

11 111 v v VI i Vil

RHENIUM

Re'®(n, 2n) Re'®t

K611l 8Y.0k 14.8 = 0.5 1675 = 168 of. 17-35a5m

Re'™(n, p) Wis

C59 11 - 145 3.93 4 04 ef. 49-115:i2

Re' (n, «) Ta'

C59 11 —_ 14.5 0.94 & 0.14 ef. 49-115i2

e 15



T6-19061

11

Ccs9 11

1

115

0.57 £ 0.00

Vi

OSMIUM
Os‘”(n. ac] Wss

Vi

cf. 49-115:2

Vi



VI Vil VI

1 11 1 w v
IRIDIUM
Iri(n, 2n) Ireo
1-191al K6l Il 3.1h 14.8 3 05 367 £ 55 ef. 17-35a5m
Ir®i(n, ) Re'™®
T7-191il C59 11 — 145 2.43 & 0.22 ef. 49-115:2
11193(n, p) Os'®
T7-19361 €39 11 -_ 14.5 2.7 4 0.5 ef. 49-115:2

— 154 —



TE-19441

TH-194i1

T8-19561

TH-190i1

TH-198a1

11

3911

59 11

Cio Il

(59 11

53

111

v
145
145
145
14.5
14.5 = 0.35

3.92 1 04

1.26 - 0.25

291 4+ 0.3

2770 £ 1500

VI

PLATINUM

Pt"“(n. P} I

P (n, 2) Os'™

Pr#s(n, p) Ir'es

Pt'*(n, ) Os'?

Pr'*(n, 2n) Pt"7

Vil

ef. 19-115i2

el 49-115i2

cf. 49-115i2

ef. 49-115i2

ef. 7-Lnl

VIII

Flement



79-197als
79-197alt

T9-197udr

T9-19Tade

79-197alm

79-197a2m

79-19761

*! Also measured for 8.2 Me

P33
A58 1T

Taon

Pol 1

Pel 1

Ton

(LR

I

5.5d

6,06d*

9,83k

14.5 = 0.35
14.1

13.9%
14.0
14.1
14.6
15.1

14.01 < 0,10%
14.31 + 013
14.50 £ 0.20
14.81 + 0.31

14.01 4 0.10%

14.31 4 0.13

14.50 & 0.20
14.81 1. 0.31

13.9%
14.0
14.1
14.6
15.1

14.5

V= E, == 15.1 MV

** Also measured for 12,1 MeV = E, = 19.8 McV
** Measured by the authors

h's
1722 L 460
2600 - 200
19640
1900
2110
2090
2110
2403 + 120
2420 - 120
2403 £ 120

2356 -+ 120

1343 1 6.7
137.1 & 6.9
121 4 71

145.1 + 7.3

165
165
195
210
195

2.42 - 0.24

Vi

GOLD

Au"(n, 2n) Au"® - tot.

of. 22-46a2

Au™(n, 2n) Au'n
ef. 22-46a2

Au'i(n, p) Py

— 156 —

VI

ef. 7-14al

ef. 1-2al

ef. 79-197alm

y-activity 3 calibrated
Nal erystal

el 49-115i2

Vi

cf. 22-46u2

ef. 22-46a2

Element

Element



79-19752

79-197f1

79-197i1

79-197i2

79-197k1

Pol 1y

B62 11

Pol 1V

C39 11

B62 11

11

12d

14.01 -i- 0.10*2
14.09 = 010
14.31 < 013
1450 = 0.20
14.68 -+ 0.26
14.81 £ 0.31
14,93 & 0.36

14.7

14,01 = 0,10
14,09 -= 0.10
14.31 = 0.13
14.50 4 0.20
14.68 + 0.26
14.81 -
14.93 - 0.36

*1 Also measured for 12,1 MeV = Ej = 19.6 MeV

2

v Vi Vil Vi

Au“”{u : H'.fi) Tpos

< 0.020 — — =

Au'(n, o) Ir™

0,27 = 0,02 ef. 22-46al
0.27 = 0.02
0.28 + 0.02
0.35 = 0.02
0.38 4 0.02
0.46 -+ 0,02
0,44 - 0,02

0.43 - 0.04 ef. 49-115:2

Au(n, nz) Ire

i)
L
in

Also measured for 7 MeV and 12,1 MeV == E;; = 19.8 MeV
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80-20061

BO-200:1

80-20151

80-202i1

11

C5911

C59 11

cso I

€911

14.5

14.5

14.5

v
3.63 + 0,36
177 = 0.35
2,12 & 0.32
101 L 0.10

Vi

MERCURY

Hg*(n, p) Au*®

ngm(ﬂ, &) Pt

Hg‘!lll(n, P} Aun

Hg**(n, «) Pt'»

— 1538 —

vii

cf. 49-115i2

cf. 49-115:2

cf. 49-115i2

ef. 49-115:2

vin



B1-203al

H1-20362

B1-203a3

81-203b1

’1-203:i1

#81-203k1

HB1-205b1
81-205b2
81-205b3

#1-205(1

Pal I

T60

Pol 1y

C39 11

Bn2 11

Pa3
€39 11
P61 1V

B62 11

111

12.54

ENET

fi min

33 sec

¥
1302 = 58
1302 ;- 58
1329 + 60
1321 = 60
1305 + 58
1450
1460
1560
1650

Rel. measurement*®

14.5

147

+ 035

*t Also measured for 12,3 MeV = E;, == 19.8 MeV

** Also measured for 8.4 MeV == E; == 15.1 MeV
" Also measured for 12 MeV=E,

= 18.5 MeV

a0

037 = 0.04

< 0.012

3.05 - 0.6
6.8 + 0.7

3.0 + 0.3

< 0.010

THALLIUM

TI*%(n, 2n) T1=

T]‘!n:!(n! P} Hgma

TP (n, ) Au2™

T1#3(n, nx) Au'®

TI(n, p) Hg2

TI25(n, Het) Aud

— 159 —

Vil Vi

ef. 22-16a2

el 19-63a12

ef. 49-115:2

ef. 7-14ul
cf. 49-115:2

Element



82-208alm

82-208b1

82-208i1

82-al

Goll

P33

C5911

A58 11

1

0.81 -L 0.02 sec*

3.1 min

* Measured by the authors

145

14.5

141

1700 + 300

0.96 -1 0.96

1.58 + 0.27

2740 £ 200

Vi

LEAD

Ph*™(n, 2n) Ph#7m

rel. : ef. 29-63a
Cu"(n, 2n) = 620 mb

Pb#s(n, p) Tl

Pb*8(n, =) Hg™®

Pbret(n, 2n) Pb

— 160 —

vii vin

ef, 12-24blm

ef. 7-14al

ef. 49-115i2

cf. 1-2al

IX

Element

Element



Bi-200H2

H3-20003

HA-2004 1

#3-209q 1t AR —
B3-20902¢ RA7 —_
HA-209 1m Goll 2.0 = 0 meee*
B3-20861 [REUN ] 3.31 & nshe

Cau —

Mal LT —
RA-20001 "33 + min
H3-209i2 ran 1 120 = s anin®
HB3-20003 g1l 2=

Mol 11

* Measured by the authors

14.1

11

1k

[RR]

1k5

1L

L5

LB

L%

= 035

[IRH

BISMUTH

Bi*®(n. 2n) Bi** - 1ot.
2600 - 200
2300 - 300 far

< L5 MV o i)
Yizw (1,2 ) Rizosm

Gl 120 rel. s el 29-03a

Ca™(n. 2n)

Bi®(n, p) Phw

WS o

133 - 0,26

07 40l
Bi*®(n, 2) T
1.2 5 Lo
L1 03
0.52 20
i L 0.

— 161 —

620 b

Vil Vit

ef. 1-2ul

&

o9l

oL 12-2 0 b

el 13-270 1
e, 49-115i2

ef. 11-2242

oL -1l

[ 13-2Th

el 19-115:2

ef. 11-23i2

Flement.

B1-50 mg o

Bi0g: Element




G0-23061

90-232al

90-232a2

90-232a3

90-232a

90-232a5

c3o 11

P61 T

Too

761

D39 VI

Pol VIII

26.64h

13.88 -+ 0.10%
14.00 4 0.10
14.31 4 0.13
14.50 - 0.20
14.68 4 0.26
14.81 4 0.31
14,93 = 0,36

= 13.9*:
14.0
14.6
15.1

— 14.7

_— 14.45 < 020

- 145 - 0.5

*t Also measured for 12,2 MeV == E,; = 16.5 MeV
*2 Also measured for 8.2 MeV=E, = 15.1 MeV

45+ L1

1580 L 158
1560 .- 156
1520 -

Lioo
1280
1255
1490
1330
1400

980

650 - 150

1230 - 60

1200 + 50

THORIUM
Th**(n, =) Ra*

rel. :
APF(n,a)=?

Th**2(n, 2Zn) Th**

rel. :
a(U=

=116
rel, s ef. 16-3202
5%(n, p) = 229 mb

Sandwich method

rel, s ef, 13-278
Al(n, o) = ?

— 162 —

VII

Eeactivity, 2 geomelry ;
prop. eounter; chem, sc-
paration. Calibration by
measurements in 4w geo-
metry

ef, 22-46al

S-activity, 4w grometry.
Chem, separation

Beuctivity : chem. sepa-
rutinn

8 x 2 U

Calibration
ard sourees

VIII

Mean error contains :
statisties, nentron flux
chem. separation

Error contain
fiss,): stati

Errur contains : sta-
visties : ealibration

1 sla-
calibira-

Error contain
tisties 1%,
tion 3 7, : mentron Mux

395 weight of the
target 1%,

Th{NOy),. HI,0

Metal dises of 3/16"
@ and 0.040" thick-
ness

Oxyd, 2 em?®, 835

mgem®



92-235b1

92-238al

92-238i1

C39 11

P61 VIII

€59 11

111

145

145 £ 0.4

145

URANIUM

U=(n, p) Pa®s

186 4 0.37
U(n, 2n) Ux?
690 + 40 rel. : ef. 29-65a
Cu®{n, 2n) = ?
U (n, «) The
1.5 + 0.3

— 163 —

Vil

ef. 20-230i1

cf. 90-232a5

ef. 90-230il

Vi

source correction 29, ;
weight of the targ.
1 9%+ calibration 2 %

Oxyd 275 my



93-237al

93-23761

11 Ti1 v v VI Vil

NEPTUNIUM

Np*¥(n, 2Zn) Np=*

Pel VIIT 2.7 £ 0.3y 145 + 0.4 390 + 40 — Counting of the x of Pu®*®

NPH? ( n, PJ UEG?

C59 11 - 14.5 13 +03 cf. 90-230:1

— 164 —

VI

X

Dioxyde 72 mg



0423951

€39 11

14.5

10 £ 0.5

Vi

PLUTONIUM

Pu*™(n. p) Np**

— 165 —

Vil

el 90-230:1

Vi



A-50
A-55
A-50

A-5T1

A-57 11
A-581
A-58 11

A-58 111
A-59
A-60
A-01

B-59
B-51
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