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TABLES OF RECOMMENDED STANDARD DATA

Neutron yields from alpha particle induced reactions
on lithium, beryllium, boron, carbon, oxygen and
fluorine nuclei for energies up to 10 MeV.

V.A. Vukolov, F.E. Chukreev
I.V. Kurchatov Atomic Energy Institute

Introduction

The problems of nuclear technology are many: one of them is the
development of analytical methods for the control and protection
from nuclear fuel radiation, another is the production of neutron
and isotopic energy sources based on alpha emitting radioconuclides.
This latter application requires the knowledge of the vyield of
neutrons resulting from the absorption of alpha particles by nuclei
of light elements. According to the world request list [1], this
information must be known to an accuracy of approximately 19% for
alpha particle energies ranging from reaction thresholds to 1@ MeV

for target nuclei with Z=s20.

This report presents recommended thick target neutron yield values
for Li, Be, Cc, "0, "0 and '"'F. These data are based on the analysis
of measurements published in the literature up to the year 1987.
The international generalized EXFOR data base was the main source

of information used in this analysis.

Method Used to Obtain Recommended Standard Data

The neutron yield data were obtained from calculations using (a,n)
reaction data evaluated by the authors (2,31 and data on the

stopping power of alpha particles in matter [4].

1. Evaluation of {(ag,n) reaction cross-section values.

1.1. The sets of experimental data were compared in given energy
intervals. First, averaded cross-section values were determined by
taking the characteristics of the excitation function of the

reaction in question into account, namely the structural
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characteristics of their alpha particle energy dependence. The
averaging was done over energy intervals of 100 keV for alpha
particle energies up to S5 MeV, and over ©.5 MHeV intervals for

energies above 5 MeV.

1.2. Values for the weighted average cross-sections based on n
measured values were determined for each energy interval using the

expression for o¢-bar:
n
Y Wiy
=1
n
2
=]

1
(Ao 1) :

g =

where

Wy

is the weight given to the experimental value on the basis of the

' ‘ ' A0F$f=__L_~
fractional standard deviation fgj:
1
{=
A B 1 Zwilo;-a8)°
and the standard error 0= oD Tv,
1.3. Birge’'s criterion was used to resolve inconsistencies

between measured values:

I(Aor)z_ (Aog)zl

K = (n-1) —
(Ao )22

For K<2, the value of the weighted average cross-section was taken
to be g-bar with an uncertainty equal to the larger of the two
uncertainty values Ao, and Aoy . For those cases where K>2, it is
evident that there is an unaccounted systematic error in the given
set of data. Based on the K <criterion, these results were
subjected to a thorough analysis over the entire range of the
measurement. In order to arrive at a consistent set of data, these
results were either included in the analysis with a smaller weight
by increasing the uncertainty assigned by the author, or were
omitted from the analysis altogether. If it was not possible to

satisfy the K<2 condition in the course of the analysis, then the
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value of the cross-section in this interval was taken to be equal

to the arithmetic mean with an uncertainty equal to:

Ag = tp(n) JWL—U; (01_6)2

where t, 1is the Student’s distribution coefficient for (n-1)

degrees of freedom and a confidence probability P equal to @.32.

1.4. The evaluated cross-section values which were thus determined
for each interval were either used directly to determine the
excitation function over the energy range being investigated, or
used as normalizing values for the determination of the excitation
function in those energy regions where there were only single

measurements.

2. Algorithm for the calculation of the stopping power of alpha
particles in target materijals.

The stopping power data used in this analysis were those of
Anderson and Ziegler [4], which had been derived from a wide body
of experimental information and are considered nowadays to be the
most reliable. Their recommended uncertainty is considered to be
5%. The values of the stopping power (&) as a function of alpha

particle energy E (in MeV) were calculated using the empirical
expression:

_ S5y
SL+SH
where
S5, =A (107 E)™
and

SH=(%)'ln(1+% +A5E)

The recommended coefficients (A, to A;) are listed in Table TI.



TABLE I. RECOMMENDED DATA FOR THE CALCULATION OF STOPPING
POWERS OF ALPHA PARTICLES IN MATTER

Blement Coefficients

A, N A, A, A, A
Lithium 1.42 Q.49 12.25 32. 9.161
Beryllium 2.206 0.51 15.32 Q.25 8.995
Boron 3.691 ©.4128 18.48 50.72 9.
Carbon 4.232 @.3877 22.99 35. 7.993
Oxygen 2.717 0.4858 32.88 25.88 4.336
Fluorine 2.616 ©.47028 41.2 28.07 2.458

3. Neutron vield calculation.

The following equation was used to calculate the neutron yield:

E.
Y(E,) = H%/% dE

where dE/dx is the stopping power & of the target material in units
of ev/10" atoms-cm’. The following two algorithms were used to

calculate the yield Y and its uncertainty DY:

L (i) ~a(i-1)

Y =), TGy -&i-1)

((E(1) - E(1-1)]

-2

DY(I) =Y(I) \(2‘::(“:11)2. Lf:,. +(%2

Recommended reference data on the yields of neutrons (Y) and their

uncertainties (DY) are given in Tables II-VIIT for elements ranging

from lithium to fluorine. Also included in these tables are the
(ax,n) cross-sections (SIG), their errors (DS) and the stopping
power (STOP) given as a function of alpha particle energy. As
stated above, the neutron yield data which are most important are
the ones that are produced at alpha particle energies of 4 to 8
MeV, corresponding to the energies of alpha particles emitted by
transactinides. Consequently, the recommended data above 4 MeV
are also represented analytically in the form of Chebyshev

polynomials:
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@) =Y ;P ;

P,=1; P,=x;

P,=P,,"2x-P

nd;

x=(E-A)/B
where E is given in units of MeV.

The values of the polynomial coefficients

for the

considered

reactions are listed in Table IX. The uncertainties in the vyields

given by the resulting curves do not exceed 2% for alpha particle

energies above 4 MeV.

TABLE II. RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM LITHIUM TARGET.

EEREA AR A Qg AN A AR KA AR R AR AR A AR AR AR AR NA R AR R KA RAARKAARRARARAARAA R KARA AR ARARN RSN
NEUTRONS FROM (ALPHA,N) REACTION
KERAA R A g KA AR RAARARN R AR AR A AR R R AR A AR AR R RRRARAAAA AN AR AR AL AN AR RRRA KK ARAAK

E 516 DS STOP £ Y Dy
MEV MB MB EV/E+1SAT/CHMA%2 MEV N/ A N/ A
iiﬂ***g*‘*i*t*tttittiiititiiiii*iﬁiiikiiiiitAtktktkﬁxtutktttkﬂ*ﬁattt
4.39 0,89 0,29 +0,96U01F+40} 4,38 +0,000E400 +0,000E+00
4,4s 3,19 0,09 +0,9611F+01 G4 40  +0,1R6E=-0R  +0,630£=09
4,55 5,59 0,19 +0,9465F+01 4,50 +0,354E=0/ +0,56BE=08
4,65 8,79 0,29 +0,9325F+01 4,60 +0,950E-07 +0,111E=07
4,7% 12,19 1,09 +0,9189F+01 4,70 +0,1908=06 +0,180F=07
4,85 15459 1,59 +0,90S57F+01 4,80 4+0,323%E~06 +0,31BF=0Q7
4.95% 19,69 1,89 +0,8930F+01 4,90 40,U9TE=U6 +0,516F=07
S.05 28,00 4,49 +0,8806F401 5,00 +0,719 =06  +0,757F=07
S.15 36409 0,99 +0,R68TF+01 5,10 40,103E-05 +0,132F=06
5,25 311,89 0,89 +0,RST1F*0] 5,20  +0,145E=05 +0,163E=06
5,35 28,069 0,79 +0,8458F+01 .30 +0,183(=05 +0,1G50F~06
5,458 26,79 0,79 +0,8349F+01 S,40 +0,217£-05 +0,213E-06
5.5% 30,59 0,89 +0,8243F+101 5,90 +0,249€6=05 t0,235¢£=06
5.65 42,59 1,29 +0,R140F+01 .60 40, 2H87¢=05 +0,260FE=06
S.758 49,49 1,49 +0,8040F¢N} $,70 40,3368E-0% +0,29UF~06
5,89 56,89 1,69 +0,7943F+01 .80 +0,401E=-095 +0,333F=06
5.95 66419 1,89 +0,7848F+01 9,90  +0,473k£-05 +0,379F=06
6.0S 78,69 31,69 +0,7756F401 6,00 +0,558E=05 +10,431F=06
6,15 87,89 4,59 +40,7666F+01 610 +0,660E-05 +0,502E=06
6,25 94,39 4,59 +0,7579F+01 6,20 40,775 =05  +0,586E=06 .
6.35 101,99 4,99 +0,7494F+0} 6,30 +0,901FE=05 +0,674FE=06 -
6.45 120,00 5,99 +0,7410F401 6,40 +n,103%k=04 +0,770F=06
6.75 184,99 8,99 +0,7329F+01 6,50 +0,120F=04 +0,BB6E=06
7.25 227,99 10,99 +0,6952F+01 7.00 40,249t=04 +0,1826-05
7.75 156,99 7,99 +0,6b615F+01 7.50 +0,417F=04 40,303F=05
8.25 135,99 6,99 +0,6313F+01 8,00 40,939+=-04 +0,390E=05
8,75 130,99 6,99 ¢0,604074+01 8,50 ¢0,649E=04 +0,469F=05
+0,5792F+401 9,00 +0,759E~04 +0,550F=05

ARAE AR g g g ARKA R A RKR KR KR A AR KR ARARRAAA A AR A AR A S ARRAKRARAAARARAA A QA AARARARRRAR



TABLE IIT.

(3 siIG
MEYV "MB
1,55 9,69
1,65 20,00
1,75 92,00
1.85 260,00
1,95 243,00
2.05 184,00
2,15 172,00
2.25 162,00
2.35 148,00
2.us 144,00
2.59 148,00
2,65 133,00
2.75 112,00
2,85 96400
2.95 90,00
3,05 90,00
3,15 94,00
3.25 100'00
3,38 104,00
3,45 114,00
3,55 128,00
3,65 146400 -
31.75 168,00
3.85 200,00
3.95 316,00
4,05 I4U,00
4,18 130,00
4,25 352,00
4.35 x76,00
4,45 392,00
4,55 190,00
4,65 186,00
4,75 401,00
4,858 433,00
4,95 468,00
§.05 488,00
5.15 494,00
5.25 521,00
5,35 562,00
5.45  §73,00
5.55 sud,00
5.65 610400
5.75 18,00
5.85 596,00
5.95 576,00
6.25 560,00
6.75 574,00
7.25 576,00
7.75 649,00
H,25 653,00
8.75 716,00
9.25 747,00
9.758 708,00

RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM BERYLLIUM TARGET.

iittttt.;tittttga-ttttttttttttnt*ttttttttatttt*ntktktttk*ttat*tatatt
NEUTRONS FROM (ALPHA,N) REACIION

- PR .
B ENRAR Y kR T RA KR ARRARANR AN ARANARNARRRRRARR AR AR R R RN R ARAKRARRA A AAR RN AAANAAR

- DS

STQF

£

MB EV/E+15AT/CHMxa? MEQ

tiﬁkt**t..tﬁit*t*ﬁi******t*lﬁ*ﬂltﬁit**titl*ttﬁtit*ii*iA*ti‘ttt*l***

0,49
1,00
S,00
13,00
12,00
9,00
9,00
8,00
7.00
7,00
7,00
7.00
6,00
5,00
5,00
5,00
5,00
5,00
5,00
6,00
6,00
7.00
8,00
10,00
16,00
17,00
16,00
18,00
19,00
20,00
20,00
19,00
20,00
22,00
23,00
24,00
25,00
26,00
28,00
29,00
29,00
30,00
31,00
30,00
29,00
28,00
29,00
29,00
12,00
33,00
16,00
37,00
35,00

+0,2112F +02
+0,2058F+402
+0,2006E+402
t0,1956F+02
+0,1909F+02
+0,1864F+02
+0,1821F¢+02
+0,1779F+02
0, 1TU0F+02
+0,1702F 402
+0,1666F+02
+0,1631F+02
+0,1596F+02
+0,1566F+02
+0,1536F+02
+0,1506E+02
+0,1478F+02
+0,1451F+02
+0,1425F+02
+0,1400F+02
¢0,1376F+02
+0,1393F+02
+0,1330E+02
+0,1308g+02
¢0,1287€+02
+0,1267F+02
+0,1248F+02
+0,1229€+02
+0,1210F¢+02
$0,1193E+02
+0,1179F+02
+0,1199F+02
+0,1143F+02
+0,1127F+02
+0,1112F+¢02
+0,109/g+02
+0,1083€+02
+0,1069F 102
+0,1055F+02
+0,1042F+02
$0,1029F+02
+0,1016E+02
+0,1004F +02
+0,9928€£+01
+0,9813F+01
40,9700F+01
+0,9175F+401
+0,8708F+01
+0,8291F+01
+0,7914F+01
+0,7S573€+01
+0,7265F+01
+0,6979F+01
+0,6718F 401

1,50
1,60
1,70
1,80
1,90
2,00
2,10
2,20
2,30
2,40
2,50
2,60
2,70
2.80
2.90
3,00
3,10
3,20
3,30
3,40
3,50
3,60
3,70
3,80
3,90
4,00
4,10
4,20
4,30
4,40
4,50
4,60
4,70
4,80
4,90
S,00
5,10
9,20
5,50
5,40
5,590
S.60
S.70
5,480
5,90
6,00
6,950
7.00
7.50
8,00
8,50
9,00
9,50
10,00

Y
N/A

+0,579€~-06
+0,52%t-07
t0,150E-06
t0,615E~06
+0,195F=05
+0,324E<-05
+0,42d4E-05
+0,520E-05
+0,612E-C5
+0,K98E~05
+0,783E~05
+0,873E=05
+0,955E+05
+0,102F=04
+0,108E~04
+0,114E=04
+0,120Fk=00
+0,127=vu
+0,134E=04
+0,1d1E=04
+0,149€=04
+0,159E=04
+3,109E=04
+0,182F=04
+0,198E~-04
+0,222E=-04
+0,250E~ud
+0,276E=04
+0,305€=~04
+0,336E-04
+0,369E~04
+0,403E-04
+0,436E=-00
+0,472E=04
+0,510E=04
+0,953E~04
+0,598€=04
+0,643t=04
+0,692€=04
+0,7u4SE=-04
+0,H00E=-04
+0,857€E-04
+0,918E~04
+0,980E~04
+0,104E-03
+0,109E=03
+0,139E~03
+0,171E=03
+0,209E=0%
+0,2U5t=03
+0,787€E=03
+0,3368=073
+0,3HBE-03
+0,440E=03

DY
N/ A

t0,173E=-08"
t0,637€E=08
+C,163E=07
+0,697E=07
+0,214E=06
+0,309€=06
+0.,365E=06
+0,432E=-06
+0, U495k =06
+0,551E=06
+0,610F~06
+t0,674E=06
+0,728€=~06
+0,773E=06
+0,811E=-06
+0,853%E=06
+0,898E~06
+0,946E=06
+0,999F=06
+0,105E=0S
+0,111E=05
+0,118E«05
+0,127€E=05
+0,137E=05
+0,149E~05
+0,172E-05S
+0,193E=05
+0,212€=05
+0,234E~05

+0,257E=05

+3,282E=05
+0,306E=05
+0,3307=05
+0,356E=05
+0 (386E=0S
+0,418E=0S
+0,451E£=095
+O.UBHEn05
+0,521E=~0S
+0,560E=09
+0,60iF=05
+0,643F=0S
+0,687E=0S
+0,732€E=05
+0,7T4E=09
+0 ,B15E=0QS
+0,103F=04
10,126FEmw04
+0,151E=04
+0, 181E=04
+0,212€=04
+0,2UBE=04
+0,287g=04
10,320F=04

A:Aﬁg:...;k*ttttﬁ*ittitﬁﬁnAanantntttgh.tttintQAAnthlnt‘.ngana‘ai.*t
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TABLE IV. RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM BORON TARGET.

KAKE AR, gk A AR AR AR N RAAAAARKRAA AN AR RARAARRRRRAR KRR AAARARAARARA KA AN KARAKAKR KA &
NEUTRONS FROM (ALPHA,N) REACTION

ARARAR A p A RNR R AR R AR AR KRR AR AR RARRARAAAR AR AR R AR RRAAAARR AR R A K A AR ARARARA R AR KR &

E
MEV

ﬂ*ti.Jigititiﬂ*tttitttttttttﬁtt*ittitiitittttkttttattti*ttxttt*ttﬁtﬁ

SIG
MB

DS

S0P,

E

MB FEV/E+1SAT/CMxx2 MEV

Y
N/A

Dy
N/ A

0,25 0,39 0,19 +0,5537€+¢00 0,00 +0,000E40G0 +0,000E+00
0,75 3,00 0,59 +0,3756E402 0,50 +0,104F=07 +0,S527E=08
1.25 7,09 0,69 +0,3469€+¢02 1,00 +0,520E=07 +0,134E-07
1,79 18,59 2,00 +0,2926E+02 1,50 +0,103E=06 10,282€=07
2,25 26,00 2,79 +0,2481E+02 2,00 ¢0,%06E-06 +0,713€~07
2,75 35,29 3,59 +0,72149gp¢02 2.50 +0,106-05 +40,139FE-06
3,25 55,19 5,69 +0,1900€+02 3,00 +0,193E-05 +0,24d1E~0Q6
3,75 102,00 9,00 +40,1708g+02 3,50 +0,3ubb=05 +0,U419E-06
4,20 85,00 5,00 +0,1556£402 4,00 +0,659E=0S +0,746E-06
4,60 138,00 7.00 +0,1455E402 4,40 +0,885E-05 +0,931E-06
4,90 130,00 14,00 +0,1368E402 4,80 +0,1276~-04d  +0,123F-05
5,10 185,00 20,00 40,1329€+02 5,00 +0,146E=0d +0,149E-0S
5,30 163,00 22,00 40,1292€¢02 5,20 +0,175F=0d +0,18%E-0S
5.50 110,00 22,00 +0,125HE+02 5,40 +0,200e=-04 40,227E-05
5.70 154,00 €3,00 +0,1220E102 S,60 10,218E=-04 +0,27SF-05
5,90 167,00 26,00  +0,1195E+02 5,80 40,243 =~ud  +0,318E£~05
6,25 122,00 13,00 +0,1146E+02 6,00 +0,272E~=04d  +0,367€-05
6,75 81,00 12,00 +0,1101F+02 Le50 +0,325E-04 +0,435E-05
7.25 93,00 14,00 +0,1043F¢02 7.00 +0,363£-04 +0,490FE-08

+0,9926F+01 7,50 +0,409k=-0d +0,5%BE-05

ARKAAR g g A AR KA A RARKR AR KA RARAKR AR AN AR ARARAARAAARR AR A R AAAA AR A A AR ARARRAARARRKK



TABLE V. RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM CARBON TARGET.
RER KR Ry y A AR R AR AR AR AR KRR R R AR R AR R AR KRR R A A AR AR AR R AR AR X R R A A AR AR KRR ARRKER
NEUTRONS FROM (ALPHA&,N) REACTTON
tttt**‘*‘*tttattttttiiattﬂttittttilitttttiiiitti111111111attttaittt
E S1G6 0S s10°P t Y Oy
MEV MB MB  EV/E41SAT/CMax2 MEV N/& N/ A
AN KRR Ry g A A KRR A RKN R A AR R AR R A A AR AR AR R AR R A A AR X R A AR R AR R AR ARA AR ARKRKATARR

1,05 0,49 0,09 +0,3606E+02 1,00 +0,299E-10 +0,899f«{!
1.15 0,59 0,09 +0,3511E+02 1,10 +0,455€=10 +0,125¢=10
1,25 0,99 0,19 +0,34d13F+402 1,20 +0,6UTE=10 40,164Ew10
1,35 159 0,29 +0,3314E+02 1,30 +0,977€=10 +0,2UBE=~1D
1.45 2,19 0,39 +0,3210E+02 1,40 +0,151E=09 +0,3B1E»10
1,55 2,89 0,59 +0,3121E+02 1,50 ¢40,22BE=09 +0,562E«10
1,65 4,69 0,89 «0,3030F+02 1,60 ¢0,3338=09 ¢0,B819€«10
1.75 7.59 1,49 +0,2942E+02 1,70 +0,507E=09 +0,125€«09
1,88 13,99 2,99 +0,2859E+02 1.80 +0,7GBE~0Q +0,198E=09
1,95 20,99 5,99 +0,2779€+02 1,90  «0,134E=-08 +0,343F=09
2.05 41419 2,89 +0,2704E+02 2,00 +0,219E=08 +0,593F=09
2,15 57,29 3,99 +0,2632E¢02 2,10 +0,390E=0K 40,972E=09
2.25 91,09 6,39 +0,2565E+02 2,20 40,635E-08 +0,147E=08
2.35 77.59 5,39 +0,2501FE¢02 2.30 ¢0,103E-07 +0,230E~08
2,4s 62,69 4,39 +0,2UU0E¢02 2,40 +0,138E-07 10,277E-08
2.55 32,39 2,29 +0,2382E+02 2.50 40,166E-07 +0,305E~-08
2.65 40,39 2,79 +0,2328£+02 2.00 +0,182E~07 +0,28UE=08
2,75 16,49 2,59 +0,2276E+02 2.70  +0,201E-07  +¢0,319E£-08
2.85 35,09 2,59 +0,2226E+02 2.80 40,219E-07 40,333E=08
2.95 23.59 1,59 +0,2179E+02 2.60  +0,237€=07 40,350E-08
3,05 49,89 3,49 +0,2135E+¢02 3,00 +0,249t-07 +0,3L0E=0B
3.15 41,89 3,09 +0,2092E+02 3,10 +0,275f~07 +0,419E-08
3,25 93,00 6,49 40,2051E+02 3,20 +0,299t=07 +0,U34E~08
3.35 109,89 7.69 +0,2012E¢02 1,30 ¢0,349FE~-07 +0,578F+08
3,45 67,49 4,69 +0,1975E+02 3,40 +0,410E=07 +0,67SE=08
3,55 679 0,49 +0,1939g+02 3,50 +0,4uBE<07 +40,646F-08
3,65 8,09 0,59 +40,1905F+02 I,60 +0,45PE«07 40, UBBE-08
3,715 5,39 0,39 +0,1872E+02 3,70 +0,US7E=07 +0,4G7¢=08
3,85 2,00 0,09 +0,1841E¢02 3,80 40, 460E=«07 +0,491FE«08
3,95 3,29 0,19 +0,1811F+02 1,90 +0,U462(-07 +0,480E=08
4,05 B,79 0,59 +0,1782¢E+02 4,00 +0,Ub6U4E=0T7 <+0,UB6E=0B
4,15 8,00 1,00 +0,17S35E+02 4,10 +0,469E«07 +0,511E=08
4,25 5,99 0,39 +0,1726E+02 4,20 +0,474t=07 +0,51SE=08
4,35 53,99 3,89 «0,1700€402 4,30 +0,47R¢=07 +0,511E-08
4,48 us,79 3,19 +0,167S9€+02 4,40 +0,51U4t-07 +0,6B8E=08
4,55 16419 1.09 +0,1651(402 4,50 +0,504t=07 +0,699E£-08
U, 65 27,00 1,89 +0,1627E¢02 4,60 +0,555+t=07 +0,619F=08
4,75 28,19 2,00 +0,1605€+02 4,70 +0,S73E=07 +0,673F=08
4,85 27.00 1,89 +0,1583E402 4,80 +0,593t=07 +0,696FE=08
4,95 57.29 3,00 +0,1561E+02 4,90 +0,612t-07 +0,711E-08
5,25 129,00 9,00 +40,1S541FE402 5,00 +0,653E=07 +0,841F~08
5,75 162,00 11,00 +0,1446E¢02 5,50 +0,113E=06 +0,169E=07
6,25 193,00 13,00 +0,1364E¢0¢ 6,00 +0,177E«06 +0,271E=07
6,75 202,00 13,00 +0,1292€+02 6,50 +0,257E=06 +0,39BE=0O7
7.25 246,00 16,00 +0,1228E+02 7.00 +0,346E=06 40,524E=07
7.75 318,00 21,00 +¢0,1170€E+0°2 7,50 40,459E«06 +0,707E=07
8,25 248,00 17,00 +0,1119€+02 8,00 +0,613E=06 +0,971E=07
8,75 261,00 17,00 40,1072E402 8,50 +0,7udE~U6 +0,108f=06
9,25 262,00 32,00 40,1029€+C2 9,00 +0,876E=06 +0,123F=06
9.75 250,00 32,00 +40,9909E+01 9,50 10,102E=0S +0,14UE=D®

+0,9550E¢01 10,00 +0,116E~0S +D,162E+06

‘kttt!1“*ti*tﬂt*itﬂ*i**ttiiii1tliiitiiilliillAltiii!ﬂtnliﬂiitili*'
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TABLE VI. RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM OXYGEN-17 TARGET.

ERRE N R Gy g RAR AR AR R R AR R AR R A AN R AR SRR R R AR A AR R AN R R A A ARAT A S A p AR AR R A AR W2
NEUTRONS FROM (ALPHA,N) REACTION

“‘ttt*“‘.‘ﬂtt‘ti‘iitttiiiﬁtt!ﬁi!ii!!‘iltll‘!l‘tittlttn‘t!ﬂ‘!ﬁ‘!‘i

£
MEV

0.50 0,00 0,00 +0,2914F¢00 0,00 +0,000E¢00 +0,000E¢00
1,05 0.01 0,00 +0,U0613F¢02 1,00 +¢0,283%F=13 +0,337¢-14
1,15 0,02 0,00 +0,4512€¢02 1,10 +0,312E~13 +0,3u44fe14
1,25 0,02 0,00 +0,4399¢+¢02 1,20 +0,4B6E=-13 +0,52BFed
1.35 0,10 0,00 +0,U42B80F¢02 1,30 +0,725E-13  +0,820f=14
1,45 0,08 0,00 +0,4159F+02 1,40 40,16BE=12 +0,1B81Fe}d
1,55 0,13 0,01 +0,4038F¢02 1,50 +¢0,2duE=-12 +0,271f=13
1.65 0.32 0,02 +0,3920E+02 1,60 +0,374E~{? +0,425F~13
1.75 1,39 0,14 +0,3805¢F+¢02 1,70 +0,691E=12 +0,754E~13
1.85 1.09 0,09 +0,3694F+02 1,80 ¢40,207k=11 +0,238F=)2
1,95 4,59 0,49 +0,35R88F+02 1,90 +0,318E=1' +0,355Fa1?
2.0S 8,69 0,89 +0,34R7F+02 2,00 +0,600E={1 +0,930E=12
2.15 19,00 2,00 +0,3391E+02 2,10 40,173E=10 +0,2008=~11
2.25 14,00 1,49 +0,3299F«¢02 2,20 +0,3B83F=10  +0,44SF=11
2.35 12,00 1,19 +0,3213F+02 2,30 +0,5U2t=10 40,633p=11
2.45 0,00 1,00 +0,3130F+02 2,40 +0,682E=10  +0,790E=~11
2.55 10,00 1,00 +0,3052F+02 2,50 +0,7G90F-10 <+0,921E-11
2.65 2u,00 2,49 +0,2979F¢02 2,060 «0,513%=1C +0,105F«10
2.75 14,00 1,49 +0,P2908F+02 2470 +0,121E-09% +0,1640FE=10
2.85% 12,00 1,19 +0,28U42F+02 2,80 +0,139t=-09 +0,162f-10
2.95 49,00 5,00 ¢0,2779F+02 2,90 +0,155f=09 +0,179¢t=10
3.05 &R, 00 9,00 +0,2719€+402 3,00 +40,221E-0S  +0,25Qf«10
3.16 §2,00 9,00 +0,2661E¢02 1,10 40,3d2t=00 40, 3G2F=10
3.25 44,00 4,59 +0,260/FE+02 3,20 +0,471+-09 +0,535F=10-
3.35 32,00 3,29 +0,2555€+02 3,30 +0,53Ut-09 +0,60BE=10
3,45 65,00 6,69 ¢0,2500F402 3,40 4+0,581F=-09 40,661E=10
3.55 68,00 7.00 +0,2458E¢02 3,50 +0,678F=09  +0,772€-10
3.65 21,00 12,00 40,2413€E4¢02 1,60 +0,781€-09 +0,890E-10
3.75 144,00 14,00 +0,2370g+0¢ 3,70 +0,96HE-09  +0,109E=09
3.85 140,00 14,00 <+0,2328E+02 3,80 «0,119E«08  +0,13U4Em09
3.95 {08,00 11,00 +0,2288E402 3,90 +0,141t=-0B +0,159F=09
4,05 173,00 17,00 +0,22%0E+402 4,00 +0,159F=-0k +0,179E=09
4,15 154,00 15,49 +0,2214E402 4,10 +0,168F=-08 +0,211E=09
4,25 121,00 12.00 +0,2178E+02 4,20 +0,214F=08 +N,240E~D9
4,35 105,00 10,00 +0,21U4E+02 4,30 +0,23U4E-08 40,263E=09
4,45 81,00 8,00 +0,2112E+02 4,40 +0,25%E«08B +0,283E=09
4,SS 80,00 8,00 +0,208UF+02 4,50 +0,267f(=08 +0,299E=09
4,65 133,00 13,00 +0,2050E+02 U,60 +0,281E=-08 +0,315E=09
4,75 125,00 12,00 +0,2020E+02 4,70 +0,30%E~U0F& +0,3U1E=09
4,85 122,00 12,00 «¢0,1992C¢02 4,80 «0,329FE-UR +0,367E=09
4,95 129,00 13,00 +0,1969E+02 4,90 +0,351t=-0K  +0,362F=09
5.25 {87.00 19,00 +0,1938C+¢02 5,00 ¢0,376f=UK <0, U19E=D9
5,75 206,00 21,00 +0,1817E+02 5,50 +0,560k=08 +0,625£=09
.25 230,00 23,00 +0,1713g+02 6,00 ¢0,776F~UB +Q,B6RE=09
6,75 258,00 26,00 +0,16P2FE102 6,50 +0,103t=uv7 +0,115F=08
7.25 285,00 29,00 +0,1542g+02 7,00 +0,133E=07  +0,149FE~08
7.75 315,00 32,00 +0,1470€4¢02 7.50 +0,168L-07 +0,188F«08
£.50 150,00 I¥,00 ¢0,1405EF+02 8,00 <+0,20BE=-07 +0,23U4E=~08
9,50 403,00 40,00 +0,1294E+402 9,00 40,300F=07 +0,341E=08

© +0,1201E402 10,00 +0,424E=07 +0,U75¢=08

slG6
mB

DS

sSTOFP

F

MB EV/FE«¢{SAT/CMra? MEYV

RARR R R g g AR AR AAR R R AR R R AR R R R A AR R R R R R AR R R A AR AR R R A A AR A AR AR R RAAARAAR AR

Y
N/ &

DY
N/ &

AARKL Ry Lo AR R AR A AR R AR AR AR R R R R A AR A A AN A AR R ARAAA AL A AR A AR A A S S AR AR ARAARY



TABLE VII. RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM OXYGEN-18 TARGET.

‘ﬁtﬁ‘itﬁ‘.tt..‘ﬁttt"A““tttnt.ttlllttikitltklttliiiiiﬁutt"t‘t;tt
NEUTRONS FROM (ALPH&,N) REACTTON

FERAR A 3 A AR AR AR R R R R A AR AR KRR R R A AR AR AR R AR AR A A AR LA A AR R TM A AR R AR g AR R

E
MEV

S1G
MB

DS

s1np

3

b EV/E+ISAT/CHMang MEV

KRR R AR S o p AR AR AR KRR A KA R A A AR AR A R A g R AR AR AR AR A AR K2 A d A A e s RAKARRRSAA

Y
N/ A

Dy
N/ A

c.80 0,00 0,00 +0,4716E¢0C 0,060 +0,000E400 +0,000FE+00
1.08 0,01 0,00 «0,4613E402 1,00 +0,5S2dE~14 +0,58B6F=15
1.15 0,00 0,00 +0,4512g+02 1,10 40 ,5QUE-13 +0,565F=14
1,25 0,00 0,00 +0,4399E+02 1.0 +0,B800F~-13 +0,872¢~1u4
1.35 0,04 0,00 +n,u280E+02 1,30 +0,106E-12 +0,11BE=}3
1.49 0,05 0,00 +0,4159E¢02 1,40 +0,309E-12 +6,334F«13
1.565 0455 0,05 +0,4038g402 1,50 +0,SBBE-1?2 +0,666F=13
1.65 0,83 0,07 +0,3920E¢02 1eb0  +0 ,34SE-11  +0,U40SE=12
1,75 0,83 0,07 +0,38B05£+02 1.70  +0,789E=-11 ¢N,BBUE~12
1,85 1,39 0,09 +0,369UE+0? 1,80 +0,124E-19 +0,137¢8-11
1,95 0,70 0,06 «0,3588g+02 1,90 +0,203E-10 10,208E-11
2.05 1.89 0,19 ¢0,3uB7p+02 2.00  +0,243E-10 40,253C=141
2.15 4,00 0,39 +0,3391f+¢02 2,10 <+0,356E~10 ¢n,3BLE-]
2.25 5,89 0,59 +0,3299£40°2 2.20 0 60NE-1D +0,656E=11
2.35 5,89 0,59 +0,3213E¢02 2.30 +0,970E-1¢ +0,107€=10
2,45 27.00 3,00 +«0,3130E+02 2.40 +0,134E-09 +0,150£-10
2.55% 8600 9,00 +0,3052€E+02 2,50 +0_,313E-09 +0,367t=10
2.65 27,00 3,00 +0,2979E+02 2.60 +0,B9UE-09 +0,30UE-09
2.75 59,00 6,00 +0,2908E+02 2,70 +0,508E~0R  +0,126F=009
2.85% 60.00 6,00 +0,2BU2E+0Q 2,60 +0,1S0E-08 +0,174E=09
2,95 101,00 10,00 +0,2779€+02 2.90 +0,193E-0R  40,223FE-09
3,05 21400 2,00 +0,2719g+02 3,00 +0,26BE-08 +0,306E=09
3,15 75,00 7.00 +0,2661E+02 3,10 +0,284E-08 +0,323F=09
3.25 116,00 12,00 40.,2607E+02 3,20 +0_ JU2E-08 +0, 3RSE=09
3,35 136,00 14,00 +0,2555¢g¢02 3,30 +0,43Y4E-0B  +0,491F=09
3.45 87.00 9,00 +0,2506E+02 J.40 «+0,SUIE~-0H - 40,E16E=09
3,58 236,00 24,00 +0,2458£+0¢ 3,50 +0,;615E~08 +0,6GBE~09
3,65 269,00 27,00 +0D,2413FE¢02 3,60 +0,812E~-0K +0,922E«09
.75 249,00 25,00 +0,2%70E402 3,70 +0,104E-07 <0,117E=08
.85 316,00 32,00 +0,2328g+02 3,80 +0,125E~07 +0,142E~08
3,95 266,00 21,00 +0,228BE£+02 3,90 +0,1S3E-07 +0,173g-08
4,05 245,00 25,00 +¢0,2250E+02 4,00 +0,177E=07 +0,200E=08
4,1% 250,00 25,00 +0,2214E402 4,10  +0,200E=-07 +0,226E=~08
6,25 360400 37,00 «40,2178BE+02 4,20 +0,223E-07 +0,252€E~08
4,35 394,00 40,00 +40,2144p+02 4,30 +0,257E~07 40,291£=08
4,45 200,00 30,00 +0,2112E¢0°2 4,40 +0,295E-07 «0,333~08
4,85 010,00 41,00 +40,20B0E+402 4,50 +0,B2UE-07 +0,366E=08
u,65 409,00 41,00 +0,2050E402 4,60 +0,364E~07 +0,411¢E~08
4,75 258,00 26,00 +0,2020E+02 4,70 +0,405E-07 +0,457E-08
u,8s 40000 40,00 40,1992E+02 U B0 40,431E=-07 +0,487E=08
4,95 341,00 34,00 +0,1965E+02 4,90 +0,473E-07 +0,S33E=08
5.25% 403,00 41,00 +0,193BE+02 S.00 4+0,50RE~07 +0,573E-08
5.7% Uu0,00 45,00 +0,1817g+02 $.50 +0,727E-07 +¢0,820E~08
6.25 470,00 48,00 +0,1713€¢02 6,00 40,981E~u7 +0,110E=07
.75 494,00 50,00 +0,1622E+02 6,50 40,126E-06 +0,1U3E~07
7.25 515,00 S2,00 +0,1562E+02 7.00 +0,158E-06 +0,179E=07
7.75 535,00 56,00 10,1470FE+02 7.50 +0,193E=06 +0,218E=07
.50 576,00 59,00 +40,1405€+02 8,00 +0,231€-06 +0,261£=07
9,50 610,00 63,00 +0,1294E+02 9,00 +0,31BE=-06 +0,360E=07

+0,1201E402 10,00 +0,418E-06 +0,873E=07

KRARAA R p A R AR R R R ARARAKARRARAA R R AR A A AR AR ARARRAAA R R R A AR AR KA AR A AR RRARAK
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TABLE VIII. RECOMMENDED REFERENCE DATA.

NEUTRON YIELD FROM FLUORINE TARGET.

'-\ﬁil*‘**ltt**lﬂlﬁt***itiﬂtli'tii*iﬁ*titt*t*it*tktﬂlﬁilktiitilktt*ﬁ*t*t
NEUTRONS FROM (ALPHA,N) RFACTION

KAAR K g Ak R AR R AR R R AR AR R AR A AR AR R AR R R AR K A AR KR AR AR AA AR AAAA A A AARAARAR KR

-

£ slG DS STOP E Y Dy
ME YV MB MB EV/E+1SAT/CMa%2 MEV N/ A /A
t*t*:*.;**xtttt*tt**t*t*ttt*ttt*ti-t*tttnattitnﬁitttiiaikA*ii*ttdttt
2.38 0,16 0,01 +0,3397F+02 2,36 +Q,000€+¢00 +0,000FE+00
2.4%8 0,89 0,09 +0,3364E4+02 2,40 40 ,201E~09 +0,257€=10
2.55 1,69 0,19 +0,3283F+02 2,50 +0,290E-08 +0,357F=~09
2.65 1,79 0,19 +0,3206F+02 2,60 +0,B1UE-08 +0,102c=08
2.75 5,69 0,59 +0,3132F102 2,70 +0,138E=-07 +0,171E=08
2.85 6439 0,59 +0,3061F102 2.80 +0,322£-07 +0,386F«=08
2.95 6400 0,59 +0,2993F+02 2,90 +0,533E-07 +0,613E=08B
3,05 2.29 0,19 +0,2928£+02 3,00 +40,736E=07 +0,840F=08
3,18 8,79 0,89 +0,2860FE+02 3,10 +0,81%-07 +0,921F=08
3,25 14,00 1,00 +0,2807F+02 3,20 +0,112E-06 (0,127E=07
1,35 14489 1,49 +0,2751F+02 3,30 +0,162E-06 +0,173F=07
1,45 16,00 1.59 +0,2696F+02 1,40 +0,217E=-06 +0,234F=07
3,5% 30,99 3,09 +0,2644E402 5,50 +0,277E-06 +0,301F=Q7
3,65 28,69 2,89 +0,2599¢€¢02 3,60 +0,39%E-06 +0,433Fw=07
2.75 74,59 7.49 +0,2547€¢02 3,70 +0,507E=06 +0,559€=07
3,85 26,39 2.59 +0,2501FE+02 3,80 +0,R02E-06 +0,890E=07
31,95 47,00 4,69 +0,2458F£+02 31,90 +0,909€-06 +0,]100E=06
4,05 62,00 6,19 +0,2416FE+02 4,00 +0,110E=05 +0,122E=06
4,15 49,29 5,00 +0,237%€+02 4,10 +0,136E-05 +0,151E=06
4,25 68,89 7,00 +0,2336E402 4,20 +0,157E-05 +0,174E=06
4,35 75,69 T.59 +0,22996+02 4,30 +0,186E=05 +0,208F=06
4,4% 99,89 - 10,00 +0,2263F+0¢ 4,80 +0,219E-05 10,245E=06
4,55 87419 8,69 +0,2229€402 4,50 +0,26U4E-05 +0,295E=06
4,65 149,00 15,00 +0,219%E+02 4,60 +0,303E-05 +0,339E=06
4,75 96,39 10,00 +40,2163F+02° 4,70 +0,372E=05 +0,416E=06
4,85 117,00 12,00 +0,213%2E402 4,B0 +0,417E-05 +10,467E-06
4,95 109,00 11,00 40,2102€+402 4,90 +0,472E=05 +0,530€£=06
5.25 165,00 16,00 +0,2073E+02 5,00 +0,524E=0S +0,5689F~06
S.75 207,00 21,00 - +0,1942€+02 5,50 40,9356«05 +0,104Fw~05S
6.25% 244,00 24,00 +0,1830F+02 6,00 +0,148E=04 +40,166F=05
6,75 287,00 29,00 +0,1732€+02 6,50 +0,216E~04 +0,242F=05
7.25 317,00 32,00 +t0,1647E+02 7,00 +0,301E=-C4 +0,338E=05
7.75 342,00 35,00 +0,1571E402 7,50 +0,400E~04 +0,44BE=05
8,25 294,00 30,00 +0,1503F+02 8,00 +0,511E=CGU +0,574E=05
8.75 307,00 31,00 +0,1442€+¢02 8,50 +0,611E=04 40,687€E=0S
9,25 406,400 41,00 +0,13R6E+02 9,00 +0,719E~04 +0,809E=05
9,75 412,00 42,00 +0,1336F¢02 9,50 +0,868E-04 +0,977E=0S
+0,1289E+02 10,00 +40,102E=03 +0,1]15E=04

titit!‘*‘*k*****it*ittkiiilil‘ktiktktiii!tllt*ttiﬁiillttﬁiiAlitﬁtiil
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TABLE IX a. RECOMMENDED VALUES FOR THE POLYNOMIAL COEFFICIENTS

Coeff. .. .. . Reactions

Li(a,n) Be(a,n}) B{(a,n) C(a,n)
A 6.7 7.0 5.75 6.45
B 2.3 3.0 1.75 3.55
C; @.298E-4 Q.200E-3 ©.236E-4 @.435E-6
C, 4Q09E-4 ©.210E-3 ©.180E-4 ©@.574E-6
C, @.965E-5 9.310E-4 -Q.326E-4 Q©.171E-6
C, -0.368E-5 @.926E-4 -0@.131E-5 -Q.134E-7
C, -@.218E-5 ©.106E-5 - ~@.212E-7
C, ©.115E-5 -0.150QE-5 - @.549E-8
Cs @.157E-5 -0.786E-6 - ©.258E-8
C, ©.496E-6 +0.150E-6 - ©.417E-8
C, - -Q.762E-6 - @.530E-8

c, - -0.641 - -

TABLE IX b. RECOMMENDED VALUES FOR THE POLYNOMIAL COEFFICIENTS

Coeff. Reactions

"0(a,n) Y0 (a,n) F(a,n)
A 6.5 6.5 6.5
B 3.5 3.5 3.5
C, @.151E-7 ©.168E-6 @.130E-3
C, @.193E-7 @.209E-6 @.216E-3
c, @.450QE-8 @.420E-7 ©.444E-4
C, -@.143E-9 -0.782E-9 -@.217E-5
C, -Q.301E-10 @.464E-9 @.200E-5
o @.582E-9 -0.109E-8 -0.829E-6
(o @.902E-9 - -@.158E-5
c, @.922E-9 - @.326E-6
Cy @.374E-9 - @.809E-6
C, - - @.791
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4. Literature sources.

The following references were used in the analysis and evaluation

of these data:

lithium: {6,7,8,9,10]
beryllium: [6,10,11,13,14,15]
boron: [6,10,15,16,17]

carbon: [10,18,15,19]

oxygen: [10,18,20,21,22,23,24]
fluorine: [1©,16,25,26,27].
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