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Introduction

f ray production cross sections of fasi neutrons are the basic nuclear
data for thé design of the radiation shield of nuclear plants and the evaluation
of V. ray heating of'fusion reactors. Discrete V ray -spectra and production
cross sections have interest for understanding level structures and mechanisms
of nuclear reactions for various nuclides. Because of the above mentioned
reasons a'pulsed fast neutron time-of-flight(TOF) facility at the Cockcroft-
Walton Accelerator is constructed. Discrete y’ ray spectra and production
cross sections for 14,.9MeV neutrons with C, Al, V, Fe, Nb at 90o have been

measured.

Experimental Method

The experimental arrangement is presented in Fig.l. 14.9MeV neutrons
were produced by the T(d,n)#He - reactions at the Cockcroft Walton Accelerator.
300KeV deuteron beams were first swept by means of a high voltage chopper
with repetition ratio of 3.16MHZ both in the horizontal and vertical directions.
the chopped heam burst with 15 nsec was obtained and was then passed through
a spiral loaded wave guide buncher. The time resolution of the whole pulsing
system was about 1 nsec, The averaged pulséd deuteron ion beam current at
the target was 3-4LMA, Neutron intensity was about 5_x108 neutron/sec. A
capacitive pick-off mounted at the deuteron beam pipeline in 4Ocm distance
from the target was used for generating start time signals. Absolute
neutron flux was determined by associated particle counting with a Si(Au)
detector at 90o to the deuteron beém axis in 100cm distance from the target
with 3.2x10-6 steradian. A cylindrical liguid scintillator ST-451 and a

NE 111 plastic scintillator were used for monitoring neutron flux.



Au(si)
Detector

4LOOKV
Accelerator
Magnetid Beam Beam
switch pvlsimg pick-
system off
Eletronic
circuits

utron
monitor
T-Ti Target
o Scattering sample

D Shadow

Detector

main

X e (L shield
Detector

¥ig,l General View of the Experimental Set-up,

Neutron Paraffine+L12CO3
ngmonitor
Pb ¢ 25
Scattering E Cu e ' T 518.
gamp;e : 3 T Ge(1i) b igf?h___
Ny e T ] =
= e g W ow P NN E
particle T-Ti Shadow '
target shielding
Paraffine+L12CO3

D beam=

DE————-—

0]

10 20 cm

Main detector shielding

Fig,2 The shielding arrangment for fast
neutron scattering measurements.



The samples for Al, V, Fe, Nb were the metals of natural abundancés
in 3cm diameter, and 3cm high, and the sample for C was natural graphite
with similar size and shape. The purity of the samples was in more than
99.9%. The samples were placed at 13.4cm from the neutron target and 0°

relative to the deuteron beam axis.

The ) rays produced by interactions of neutrons with the samples-were
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detected by 110.7cm” Ge(Li) detector at 139.4cm from the sample and at 90°

relative to the axis of the neutron beam incident upon the sample (see Fig.2).
The energy resolution of the Ge(Li) spectrometer was 1.85 KeV (FWHM) for
V ray cf 1.33MeV, the peak-to-compton ratio was about 50:1, and relative

efficiency was 23.5% to NaI(Tl) in 3"x3". The absolute efficiency calibration
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of the Ge(li) was carried out with a set of standard sources, such as Fu,

6000’ 88Y, 137Cs’.2blAm’ 22Na, 54

2 56. 226 1
as 2kna, °%o, Ra, 3313a, Ly, 3601, in which

Mn, and a set of nonstandard sources, such
lsN and 3601 were obtained
from radiative capture of thermal neutrons produced in the reactor. The full
energy peak efficiency curve from 26KeV to 10.8MeV, and single escape peak

and double escape peak efficiency curves from 1l.77MeV to 10,.8MeV were obtained
(see Fig.3). The calibration was carried out at the same distance from the
sample to the Ge(Li) detector as in (n,xY) reaction measurement, so we need
not to take theextrapolationtaf the efficiency, which can produce errors due
to the uneertainty of effective centre of the Ge(Li) detector for the Y rays
with differeut energy, Therewith the errors produced from the scattering
from arﬁund objects and other surroundiugs were also eliminated. The
multinqmial progressively regyéssion method was used in the fitting
efficiency curves., The Ge(Li) detector was placed in heavy major shielding
which consists of Lithium, carbonate, paraffin wax, lead and iron. There

was a shade shielding which consists of iron and tungsten between the neutron
target and the major shielding. The shielding effipiency'to 14MeV neutrons
was about 105.

Electronic block diagram is shown in Fig.4. The experimental conditions

were carefully selected and some measures were adopted to ensure the
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correct measurement results. 7 ways data acquisitions ( Y ray energy spectra

with fixed window width, variable window width and without window (ADC{,

ADC3), oL energy spectrum (ADC2.4), neutron energy spectrum of the ST-451

liquid scintillator (AD02.2), time spectra of Ge(Li) and plastic scintillator

detectors (ADC2.3 and ADC2.1)) were used, not only the monitoring of the

measurement process was greatly enhanced, but also the results of different

ways may be compared each other.

other high and low frequency signal sources,

In order to remove disturbances from the

the width of the gate



pulses and gating time were carefully selected, and the coincidence between
the gating pulses and linear pulses works quite well, the problem of
measurement of low energy f ray smaller than 500KeV wds better solved, so
that the 9 ray yields with anenergy larger than 80KeV can be correctly
measured through correcting, and the f ray yields with an energy larger
than 180KeV can be measured without any loss (see Fig.7). The steps of the
measuring as follows: in the first step the spectra with the sample were
measured, in.the second step the backgroud spectra of activation were
measured, in the third step the background sfectra without the samples were
measured. The V ray spectra for C, Al, V, Fe, Nb samples were shown in
Fig.8-12. The time-of-flight spectra of Y-rays for Fe(n,n'yY) and C(n,n'p)

reaction were respectively shown in Fig.5-6.

Data Reduction

The discrete Q ray differential production cross-sections at § angle

with Ey energy were calculated by the following formula

4T (5. 8= Ngéaz,o)
as &0 =Nt ey | (1)

vhere N(Ey, 8) is the counts in the full energy peak which was determined by
means of Canberra S-80 multichannel analyzer and spectrum-F program after
the background spectrum without the sample had been subtracted from the
relevant y ray spectrum with the sample, ‘Pn was obtained from the counts
of ¢ particles and can be calculated by the following formula:

(Pn-513NdAd
N (2)

in which Qs and Qe are the solid angle subtended by the sample and the ol
particle detector with respect to the neutron target respectively, Ny is
the counts of «f particles, Ay 1is anisotropy factor of neutron emittance
from T(D,n)qu source, N is the sample thickness in the unit of atoms

per cm2 at the neutron incident direction, f.(Ey) is the absolute detection
efficiency for full energy peaks of the Ge(li) detector, f is the correction

factor which includes the following several corrections.,
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The abbrevistions for Tig.4 are the following:

ADC = Annlug-todisital converter

C" = Constount fraction timing
DT = asec dalay

FA = fasi amplifier

GD = Gate and delay gernerator
MCA = Mulatichannel analyzcer
N.r = Neutron-r discriminator
PA = Preamplifier

SA = Spectroscopy amplifier

SC = Scaler

SCA = Single channel analyzer
TAC = Time-toamplitude converter
TFA = Timing filtering ampiifier
TP = Time pickoff

Fig.4L The electronic block diagram for the (n,xr) reaction experiments
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(1) Neutron attenuation in the backing and coeling water of the neutron
target, which was estimated to be 2.5%.
(2) Neutron attenuation in the sample, which was computed from the
following formula
j de?fR(R)/Sde?fn(R,f)-l (3)
in which ‘

-qyd}‘n% DCOSP + k- D’sm‘;
cmdy

SJK‘J? :j

e | (1)
-aresin'g ) pcosg - Je- 075 F
1

exp[quﬂ(R-DCQ§?+JRC =D Sin%E] | (6)
R A

fn(R,%)

where RC is the radius of the sample, D is the distance between the centre
of the neutron target and the centre of the sample, R is the distance
from the centre of the neutron target to the ds in the sample, f> is the
angle between the connecting line from the centre of the neutron target
to the centre of the sample and that from the centre of the neutron target
to the ds in the sample (see Fig.1l3). The values of the neutron attenuation
for the C, Al, V, Fe, Nb sample are respectively 16.3%, 13.5%, 20%, 21.8%
and 28.7%.

(3) Neutron multiple scattering in the sample, was calculated using

(1),(2)

the semiempirical method proposed by C.A.Engelbrecht But in the
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Fig. 13 The Geometry Used in Deducting the Formula
Calculating Neutron' and Y Ray Attenuation
in Sample.
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correction of multiple inelastic scattering the neutron inelastic scattering
cross sections were replaced by Y ray production cross sections, The
values of multiple elastic scattering corrections were 6.0% for C, 3.3%
for Al, 5.1% for V, 5.7% for Fe, 8.1% for Nb and the values of inelastic
scattering corrections were 1.8% for C, 3.3-4.5% for Al,0.17-3.4% for V,
0.1-6.0% for Fe, 0.01-2.5% for Nb.

(&) ‘V ray attenuation in the sample, which was computed using the
method proposed by Boring (1960). The formula is following

( aragr, (R)/ dnagey(R,g,6)-1 (7)

where

](y(R;?re):' exp{—ﬂy(fy)[g;”; +(D-pRcoS9 —R$}‘n5wf59)6050

+,,/72(’-— (D-Rcos9 —Rf:‘n?dde)lﬁ‘njt; (8)
in which lly(Ey) is the macro absorption cross-section of the y ray with an
energy of Ey in the sample and & is the angle between the link from the
‘centre of the neutron target to the centre of the sample and the derection
from the sample to the centre of the Ge(Li) detector. The values of )}
ray attenuation correction in the samples were 6.5% for C, 58-112% for Al,

33-655¢ for V,  127-315% for Fe, 46.8-1104% for Nb.
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No.

1

Table 1.

900 differential production cross sections of the

serarate gamma-rays from interaction of 14.GMev

neutrons with C,Al1,V,Fe ;Nb samples

Er(¥ev)

443%,0

Tr(Kev)

90. 4
123.7
154.4
157.1
170.0
211.2
383.5
416.8
438.¢
472.5
793.5
842.¢
862.7
868.8
873.4
©55.2
G61.6
984.2
1002.6
1014.0
112¢6.3
1172.1
1266.8
1367.5
15C6.1

I. C

probable
reaction

120 nrr)t2c

IT. Al

proteble
reaction

27Al(n,n')27Al

2741(n,2n)2081

27101 (n; )2Mra
27Al(n,n')27Al
27Al(n,n')27Al
2751(n,r)%%1
27p1(n, )%Hwa

2711 (n,p)%" Mg
27Al(n,np)26Mg
271\1(n,n')271‘~1

2731 (n, np)2bug

2701 (n,n")27a1
27101 (n,n' )27
27A1(n,p)27ﬁg
27801(n,n")27A1
27Al(n,np)26Ng

suggested transition
in the final nucleus
(Kev)

4439.0~--0

suggested transition
in the final nucleus
(Kev)

1014,.5-~843.8

416-9-_0

L72.3--0
3004,2--2211.1
843.8--0
2485,0--1622.7
1341 . 4--472.3

984 .6--0
3940.9--2938.4
1014.5=--0

2938 R L;—-l‘808 7

2211.1--843.8
4510.3--3004.2
1648.3--0
2734.9--1014.5
1808.7~--0

isotovic cross
section(mb/sr)

12.6510.76

isotopic cross
section(mb/sr)

2.14%0.20
0.7810.17
0.29+0,08
0.25%0,08
0.48%0,16
0.64%0.10
0.19£0.06
0,36+0.08
1.04%0,10
0.40%0.0¢
0.6310.12
3.,1610.24
0.16%0.07
0.33%0.07
0.47£0.09
1.570.22
0.43*0.06
2.5410.23
0.34+0.09
7.L1%0.55
2.12%0.18

13.08%0.59
0.27t0.12
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23

25
26

Br(Kev)

2062.2
2210.6
2298.6
2491.7
3004.0

Er(Kev)

73.5
85.5
92.5
9L.5

.130.9

134.7
138.6
226.2
275.0
320.0

370.6
375.7
409.3
472.0
485.0
4,88.7
516.0
588.0
608.5
68L.1

754.1
780.2
791.6
814.6
836.8
910.4

probable
reaction

2701 (n,n")27n1
27Al(n,n')27Al
2751 (n,p)% g
2741 (n,n" Y2721

Probable
reaction

SLy(,,2n)

51V(n,n'
51V(n,2n)

Slv(nyzn)

Slv(ns 2!1)
>Y(n,n')
SlV(n,2n)

51V(n,n')
51V(n,n')
>y (n, 2n)
51V(n,2n)

51V(n,2n)
5Ly (n,2n)
51V(n,2n)

‘??V(n,2n)

suggested transition
in the final nucleus

(Kev)

2211.1--0
4510.3--2211.1
3476.1--984.6
3004,2--0

III. V

Suggested transition
in the final mucleus

(Kev)

226.2--0.0

320.0--0.0
320.2--000

1676.7--1300.7

3873.7--3385.5
836.4--320.2

929.0--320.0
3377.8--2699.5
910.1--226.2
2/,81.0--1725.0

1700.0--910.1
1725.0--910.1
836.4--0.0
910.1--0.9

isotopic cross
section(mb/sr)

.2310,16
.51%0.76
.63t0.29
.2210.08

o+~ O O

2.640.81

Isotopic cross
section(mb/sr)

0.49*0.12
5.80 £0.55
5.15%0.56

35.03 £3.7
0.1910.15
22.5t2.4

0.56 *0.14
0.45*0.12
0.76 10.13
c.131c.12
0.0910.09
0.30 10.17
2.8210.30
0.5410.12
0.9110.14
3.6110.43

0.51%10.37
0.3510.19
0.49 ¥0.14
1.8110.25
2.9120.31
8.0710.90



No.

27
28
29
30
31

32
33
3L

35
36

37

38
39
L0
L1
L2
13

Li
L5
L6
L7
L8
L9
50
51
52
53
54
55
56
57
58
59

61

24

Er(Kev)

913.5
92.4.8
928.8
93L.1
94L6.6

1013.9
1046.2
1090. 6
1121.6
1130.0
1174.2
1380.8
122.1
1437.8
1446.8
1450.0
1493.4

1553.9
1581.8
1609.4
1616.6
1725.1
1748.5
1776.7

11785.3

1801.9
1813.2
2004.6
2062.7
2110.1
3130.0
2292.3
2333.8
2351.8

2411.7

Probable
reacrion

51V(n,2n)
51V(n,n')
Ny (n,n')
51V(n,2n)
51V(n,n')
51V(n,2n)
51V(n,2n)
51V(n,2n)
51V(n,n')

51V(n,2n)
51V(n,n')
51V(n,2n)
51V(n,2n)

51V\n,n')
51V(n,n')
51V(n,n')

51V(n,2n) ;
51V(n,2n)

51V(n,n')
51V(n,n')

51V(n,2n)
51V(n,n')

SlV(n,l'.l') '

51V(n,n')

51y (nnt)

51V(n,n').

5Ly (N, 2n)

51V(n,n')
51V(n,n')

51V(n,n')

Suggested transition
in the final nucleus

(Kev)

1300.7--387.9
3873.7--2697.6
929.0--0.0

’ 1331.1-"35502

4821,0--3874.0
1300.7--355.2
1401.7--387.9
1401.7--355.2
2698.0—~—1609.0

1518.0--387.9
é87h .0--1700.0
1700.7--320.0
1810.4--387.9

4,661,0--3215.0
1810.0--320.0
1813.0--320.0
1810.4--320.2
1553.9--0.0

1609.3~--0.0

1725.0--0,0
2677.3--929.0
3385.5~--1609.3

3614,1--1813.0
1813.0--0.0

3614,1--1609.3

3553-0“’11#90'0

3266.0--929.0
3280.0--929.0

Isotopic cross
section(mb/sr)

0.76 10.22
5.1110,98
0.53 10.06
0.4510.13
1.8, 10.22

0.84,%0.22
0.8910.25
5.6710.60
1.2210.23
0.41%0.15
2.09f0.22
0.7610.18
0.5510.33
1.94 10,22
0.20%0.07
0.26 £0.17
2.3610.34

2.8610.35
0.94 10,22
19,98 £2.10
0.28¥0.11
0.7210.25
0.39+0.12
2.29+%0.37
0.5010.19

0.4610.13
6.4710.69

1.89*0.41
0.5410.21
0.8510.13
0.2910.21
0.8310.24
1.54 £ 0.20
0.76¥0.21

0.6910.13



Iv. Fe

o, Er{hev probaple suggested transition isotopic cross
reaction i*. the final nuclieus sectinn!mb/sr)
L 126.2 (F2v) 5 ey 02
2 156.6 1.5040,40
3 212.0 2.5040.52
iy 3140 0.93%0,38
5 335.8 - 1.5420,47
3 352.9 f’tcfr,.' 266.7--14.4 50.38220.49
7 366.9 “Tel{n,n') 5755.2--5538.8 1.06%0,40
8 411.5  “vein,2n) 411.3--0 I 47%0.59
9 477 .4 7(“e(n,2n) 1408.5--931 .k 5.4020,71
10 803.7 EGFe(n,Zn) 2211.5--1408.5 1.7620.146.
S5re(n,n') 4560.0--3856.5
11 e46.5  ““re(n,n') 8146 .8--0 65.424L .57
12 931.4  ““re(n,2n) 931.4--0 11.7240.49
13 976.2 5‘re(n n') 4100,3--3122.9 0.4410,28
1 1005.5 5fve(n n') 1395.0--3388.8  1.79%0.57
15 1038.% -°re(n,n') 3122.9--2085.1 =~ 5.86%0.63
16 1174.¢ fmeln,n') 3832.0--2657.5 -~ 0.70%0.36
17 1238.6 “weln,n') 2085.1--846.8 20,66£2,10
18 1289.¢ ' 1.58%0.36
19 1303.5  ““re(n,n') 2388.8--2085.1 5.74£0.57
20 1%316.5  Prain,2n) 1316.8--0 6.16%0.65
21 1336.1  leein,ar) L458.4--3122,9 " 0.32%0.27
22 1360.5 ?uﬂe(n n') ILLS, 4L-=2085,1 0.72%0.24
23 1408. 4 f"’e(n’Zn) 1.408,5--0 4,,37%0,48
24, 1670.4  2“Te(n,n') 3755.5--2085.1 3.9520.49
25 1770.¢  “'we(n,n') 7856, 5--2085.1 1.1740.46
26 1811.¢ 561"e(n, n') 2657.5--816.8 5.38%0.64
27 1852.% 0.56%0.37
58 1865.0C 1.21%0. 34
2¢  2015.% “re(n,n') 4100, 3--2085.1 0.61%0.33
30 2034.¢ 2°reln,n') 4120.0--2085.1 1.04%0.33
31 2092.6 ' 0.53%0,37
32 2113.0 5(’F‘e(n’n') 2959.0--846.8 ©1.8920.46
33 2273.2  re(n,n') 3120, 0--846.8 0.6410.45
34 2469.7 1.71%0.45
35  2522,7 2%Fe(n,n') 3369.7--846.8 1.65%0.51
26 2599.3 fFein,n') 3445, 3--846.8 3.03%0.57
37 2603.0 Craln,n) 5449.3--846.5 1.33%0.39
38 3202.6 'Te(n,n') 4049.0--846.2 0.81%0.36
39 3252.2 » 1.4220.54
. SGne( 20,9, 3==0 7520, 39

o el G Mmoo omo
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15
16
17
18
19
20
21
22
23

25

26

27

26

- Ey\Kev)

(149.52

163.68
194.47
318.20

338.44

351.50
357.06
364.50
385.46
L77.3

501.18
537.61
541.25
553.C0

560.£7
5T1.43

585,01

624 .80
627.00
653.69
656.26
689.18
736.96
T43.95
762.95

779.63

808,64

Probable Reaction

(n,2n)
(n,2n)
(n,2n)

(n:n')

(n,2n)

(n,nt)

(n,2n)
(n,2n)
(n,n')
{n!n')
(n,2n)
(n,n?')
(n,n')

(n,n')

(n,2n)
(n,n')
(n,n')

(n,n')

(n,n')

(n,n')

’ (n’n')

(n,n*)
(n,n')

(n,2n)

(n,n')

(n,n')

(n,2n)

Final Nucleus
Transition(Kev)

285.0--135.1
389.1--225.0
479.6--285.0
1082.68--743.91
2003.38--1686.07
1297.32--979.06
1642.0--1324.0
1082.6€8--743.91
2003.38--1665.76

357.06--0.0
1679.56--1315.08
1334 .80--949.50
1968.25--1949.15
501.0--0.0
2003.2--1665.76
1491.15--949.50
1297.32--743.91
1497.80--1394.,61
164,2,0--1086.0
1369.41--810.15
1315.08--743.91
1394 .€1--810.05

1602.80--949.50
686.L4~- 30.40
2171.98--1483.37
1686.07--949.50
743.95--0.0
2998.0—2235.0
1738.0--975.0
1728.59-=949.50

810.05--30.40
8080&&--0-0

1310.0--510.0

Isotopic cross
Section{mb/sr)

22.4512,10
15.8711.52
8.72%0.84

0.919* 0,150

3.17%0.29

1.19 £0.45
19.76 1 1.C9
0.362£0.330
5.6910.40
1.1210.42
21.78 ¥1.23
0.5% 2 0.095
4.1310.32

1.46T0.45

1.53 20,37
.1010,18
1220.24
.00 20,23
.617%0.235
J4T0.15
.57%0.,20
2320.46
0.757>0.334
13.17 *0.80
1.23%0.18

N S R SV o I I S

l&'93 i001+3

4,70 £0.32



No.

28
29
30
31

32
33
34

35
36
37
38

39
40
41
L2
43

L5
L6
L7
L8
L9
50
51
52
53
5L
55
56
57
58
59

61

Ey(Kev)

863.7

876.14
908.20
919.54

923.90
934 .40
949.89

979.01
989.90
1020.05
1032.12

1052.66
1066.27

1082.74

1089.62
1097.57
1122.4

1130.65
147,52
1183.30
1209.66
1253.40
1275.60
1286.63
1297.42
1332.40
1377.30
125.1

1443.93
1482.60
1499.98
1549.00
1567.41
1603.80

Probable Reaction

(n,2n)
(n,n')
(n,2n)

(n,n*)

(n,2n)

(n,n")

(n,n'")
(n,n")
(n,n")

(n,n')

(n,2n)

(n,n')

(n,n')

(n,n')

(n,2n)

(n,n')

(n,n')
(n,n*)
(n,2n)
(n,n')

(n,nt)

(n,2n)
(n,n")

(n,n*)

Final Nucleus
Transition(Kev)

1089.0--225.,3
2367.31--1491.15
1410.2--501.0
949.50—30.40
1728.59--808.69

1414 .0—~479.6
949.89--0.0
2203.,2—1253.79
979.01--0.0
1968.2500975.06
1968.25--949.50
2367.31--1334 .80
2329, 90--1297.52
1422.0--389,1
2003.38--949.50

1082.74,—~0.0
2171.98--1082.68

1632.0--501.0

2019.01--808.69
1253.40--0.0
1411.0--135.1
2584 .04--1297.32
1297.42-- 0.0

1945.0--501.0
14,82,60--0.0
120990 98""'0.0

Isotopic Cross .
Section(mb/sr)

0.636 10.267
1.04 £0.27
2.4310.33

2.89%0.40

1.12 0.2,
2.98 £0.35

21.25*1.11

9.27%0.57
1.41%0.29
2.33:0.23

1.8410.19

1.16*0.36
1.51+0.32
1.35%0.19
1.81%0.24
1.27£0.19
2.4610.30
1.920.28
1.57% 0.2
0.881 % 0,390
1.3610.37
0.713 % 0.150
1.8610,2,
1.230.18
1.9410.21
1,11t 0.28
2.50+0.24
1.03 +0.32
1.59%0.32
1.03%0.20
2.0310.22
1.01%0.23
2.10%0.23
1.2 10,50
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No. Er(Kev) Probable Reaction Final Nuclous Isotopic Cross

Transition(Kev) Section(mb/sr)
62 1626.80 ‘ . 0.980 *0.280
63 1820.80 1.28 1 0.24
6l 1905.50 ' © 1.70%0.46
65 . 1910.5C 1.2310.41
66 1944.79 (ny2n) 1944, .79--0.0 1.70 1 0.25
67 1953.10 0.95210.290
68 1967.36 (nynt) 1967.36—0.0 0.807 ¥0.210
69 1984.90 1.23*0.41
70 2087.25 (n,2n) 2087.25--0.0 7.43%0.42
71 2115.99 3.08 £0.35
72 2128.52 ~0.803%0.130
73 2164.70 (n,2n) 3797.0—1632.0 1.16 10.26
7% 2213.32 0.981 10,220
75 2286.,57 {n,2n) 2286.67--0.9 3.10 ¥ 0.31
76 2307.42 1.88 10.21
77 24,07.35 1.02%0.21
78 2432.28 0.87510.160
79 2507.50 0.916%0.230

(5) Contribution of }) ray from activities produced by (n,p) and (n,2n)

reactions. it was calculated by fhllowing formula

IVA(EV):. -LW.AC(E}Q{(%J"1|)+ %[@-'\(ffz "j.o )-e“/\(t, ‘/‘Lo)]

T [e-A(}‘a—fg)_ e-Ads-b)J[h e Al '#"JJ - ?

in which Tw is width of 9 ray time window at the time of flight spectrum,
T is a period of the neutrcn pulses, A_is the decay constant of the
activated nuclide, C(Ey) is f ray peak counts at the activation background
spectrum with an energy of EyY, to is the start time of the neutron beams,

tl’ t2 are the start time and the stop time of measuring 9 ray spectrum

with the sample in beam respectively, t, is the time of stop beam, th’ t

3

are the start time and the stop time of measuring activation background

5

spectrum. For Instance the values of the activation background contribution
were about 2% and 10% for 8,7KeV Y ray of Fe and for 934.4KeV y ray of

Nb which were produced by (n,p) and (n,2n) reactions respectively. .
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(6) The correction induced by size of the neutron target was 1.2%(
(7) Y ray count loss induced by the threshold of the timing channel

of Ge(li) detector and the gating time as well as width of gating pulses (see
Fig.7). This correction was from o for E/:=180KeV to 16% for Ey=80KeV.

(8) The effect of the dead time of measurement system was ignored
because the count rates of J rays ando particles were only atout 100
counts per second.

The neutron cyoss sections to be used in the calculations of items(l),
(2) and (3) were taken from ENDF B-IV, and the Y ray attenuation coefficients
for item (4) were taken from Decay Scheme(3).

The errors of the obtained cross sections were estimated taking account
of the uncertaipties in

1. determining the counts Ny( Ey ) in the full energy peak, which
depends on the individual # ray peak(1%-100%).

2. determining the neutron flux ¢sof the incident upon the sample (4L%).

3. Absolute detection efficiency for full energy peaks & (E/) (1.5%-3.0%).

L. the correction factor f (1.0%-3.0%),

The discrete Y ray production cross section (including the total
corrections metioned above) were computed by GG.FOR code, which was a
imbroved edition from CORGAM.FOR code used in Accelerator laboratory of
Kentucky University.

In order to test the experimental facility, the experimental methods
and the data processing methods three sample of Fe with different size
were measured and computed, the results were agree with each other in the
error range.

The discrete V ray production cross secticns for interactions of
14.9MeV neutrons with C, Al, V, Fe, Nb at 900 are summarized in Table 1.

In the table probable reaction types and transitions were taken from

level scheme in refs.(4).
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Discussions

Although the discrete Y ray production cross sections for interactions
of 14MeV neutrons with C, Al, Fe at 90o have had a lot cf data(S)_(2h)
the discrepancy among those data is very large and the accuracy is
also very poor, because the large part of these data were measured by
means of NaI(Tl) detectors, and only the little part were measured by
the smaller Ge(Li) detector with lower efficiency and energy resolution,
so to determine the area of the full energy peaks was difficult, The
data for the discrete Y ray production cross sections for interactions
with 'V, Nb haven't been reported yet so far. The present data measured by
means of the Ge(Li) with high efficiency and high resolution are a matter
of interest for elimenating the discrepancy of previous data, filling in
the data in some nuclides at theV neutron energy and improving the level
schemes of relative nuclides.

‘For C, only 4.439MeV Y ray peak was measured. The present result

is slightly larger than the recent data(S)'(B)

(9))(11)-(13)

and near to the earlier measure-
ment results « In Fig.12 L .439MeV peak is full energy peak of
L.4,39MeV Y ray which was emitted when first exitation state of 12C
transits to ground state of 12C, 3.928MeV and 3.417MeV are its single

escape peak and dcuble escape reak respectively. Three peazks were brozdened
by Dopplor effect. Morethere, the phenomena that every peak breaks into two
peaks was again discovered. its reasonable explanation havn't been seen

so far, The research for this phenomena will be continued . The present
data was given by considering the two pezks as one peak.

For Al 34 lines were obtained, in which 21 lines were found first in

this type experiment.. The present data agree with the those of ref.(S).

For Fe, 41 lines were obtained in which the those with an lower than
300KeV were first given, The present data agree with ref.(6), (9), (19),

(20).
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The discrete y ray spectra for interactions of 14.9MeV neutrons with
V, Nb were first measured, 61 lines for V and 79 lines for Nb were respectively

obtained.

The angular distributions of the discrete y ray spectra for interaction
of 14.9MeV neutrons with C, Al, V, Fe, Co, Nb are being measured. The

effects of some new lines discovered in:present work are being studied.
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