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ABSTRACT

In this report are summarized various detailed numerical results
obtained in calculations reported in LA-2811, but not specifically
relevant to the purpose of that report. These include the time
dependence of average beta disintegration energies, and the average
number of beta decays for various nuclides, as well as plots of these
quantities at certain specific times as a function of the single
parameter z, which characterizes the fissioning nuclide. It is hoped
that the latter will be useful for extending the results to other nu-

clides not calculated explicitly,
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I. INTRODUCTION

In a previous reportl a model was constructed to simulate the
post-fission beta decay process in terms of average properties of the
fission fragment families, Various parameters in this model were
chosen once and for all from independent data, and two parameters were
chosen to fit data on the beta decay rate® of U235(n,f) and the post-

3

beta-decay gamma emission rate” of the same nuclide., One parameter,

E, was left to characterize the fissioning nuclide in terms of the
average dispiacement of its prompt fragments from the line of stability.
A prescription was provided for determining this parameter for any
nuclide at any excitation energy if only a knowledge of v, the number
of prompt neutrons emitted in fission, was available at some excitation

energy for some isotope of the fissioning species in question. The

model so prescribed, together with the prescribed estimation of z,

1A

combine to provide at short times (t = 10 seconds) an adequate theoreti-
cal description of all the available dza.t;a.g’j"‘L on the subject, One is
therefore encouraged to utilize the model for extrapolative or interpola-
tive estimation of situations nmot yet studied in the laboratory.

To facilitate such estimation, this report provides a fuller



account of the numerical results than was considered relevant to the
specific goals of the preceding report. The present summary should
therefore be considered an addendum to LA-2811, In particular, the
results presented here are subject to the various limitations and

approximations emphasized in LA-2811, but not re-itemized here,

11, SUMMARY OF CONTENTS

Table I lists the nuclides calculated explicitly and the corre-
sponding values of z, together with the experimentsl situation these
values were chosen to reproduce., Then follow graphical presentations
of the calculated rate, K, of beta decay; of the average disintegration
energy rate, ﬁd; and of the average gamma-energy rate following beta
decay for each of these nuclides, Subsequent figures provide plots of
these rates against 'z at various specific times, These figures could

be utilized to interpolate to different excitation energies and different

fissioning species,

IITI. SPECIFICATION OF PARAMETERS
For the convenience of the reader, we describe again here the
various parameters of the model, together with their numerical values
end the maenner and source from which each was obtained,
(1) The constant ¢, is the coefficient of the odd-A mass parabola,
The value 1,61 mca was chosen as an average over the region of A

appropriate to fission fragments of the values given in reference 5,
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(2) The half width, §, of the assumed Gaussian distribution in charge
of fission fragments of a given mass was taken equal to 1.0 from the
work of reference 6,

(3) The even-odd mass difference, A, was taken as an average over
the fission fragments from reference 5.

(4) The average gamms energy, E:’ in excess of the minimum charac-
teristic of the type of beta decay was chosen to be 1,03 MeV by fitting

it and the parameter c, (below) to the measured beta-decay ra.tes2 and

2
gamma-energy rates® for 0235(n,f).

(5) The constant c, specifies the average beta-decay matrix element,

2
It was chosen simultaneously with Ez to fit the Ug35 data mentioned,
The numerical value is 3,25 X 10'6/sec and corresponds to a log ft of
about 4.5 for the average beta decay,

(6) The parameter z characterizes both the fissioning nuclide and
its excitation energy in the present model, It was calculated for U235
with v = 2,50 to have the value 3.54, For other nuclides and other
excitation energies (with different v values), z is estimated pertur-
batively as detailed in reference 1. A more detailed discussion of

these parameters and the model they characterize can be found in

reference 1,

IV, EXTENSIONS TO OTHER KINDS OF FISSION
Besides neutron-induced fission, the present results can be applied

to other types of fission, such as A(n,nf) and A(y,f), A(y,xnf), by



setting up a prescription for obtaining the appropriate z, One basis
for such a prescription is the observa.t:i.on:L that v appears to be
approximately the same for all members of an isotopic family at the

same neutron bombarding energy. The underscoring is essential, since

they provide an automatic recipe for including, at least approximately,
odd-even binding effects, This prescription, together with the
assumption that & post-fission neutron (which is estimatedl’7 to carry
off 7 MeV of energy) is exactly equivalent to a pre-fission neutron,
allow one to treat A(n,xnf) processes for sll x as a single problem
merely by adjusting v (and thus z) to the value appropriate for the
incoming neutron involved. By looking up the relevant neutron binding
energy and converting a photon absorption thereby to an equivalent
neutron process, A(y,xnf) processes can be similarly ca.psulized.8

The sbove procedures are somewhat crude, In particular the energy
assoclated with a pre-fission neutron emission certainly depends on the
nuclear excitation energy, if only weakly., Nor, indeed, can the simple
assumption that each neutron costs exactly 7 MeV of energy be considered
any more than a first approximation. Nonetheless, accumulated errors
corresponding to an error of a full MeV in the equivalent excitation
energy would shift z by only about 0,03, The corresponding change in
- the calculated quantities would typically be less than experimental

errors in comparable measurements presently available.

-8«




V. DEFINITIONS OF CALCULATED QUANTITIES
We present here a precise specification of the calculated quantities
presented in the following pages. For convenience we recall that a given
beta decay 1s specified in reference 1 by two indices, T and o, which
indicate its type, and a subscript, J, which denotes how far removed it
is from the line of stability., The index 7 assumes three values denoting
whether it belongs to an 0dd mass chain (1 = 0) or to an even mass chain
with the nuclide nearest to z being even-even (T = 1) or odd-odd (T = 2).
The corresponding weights are gT = %, %, %, respectively, The index ¢
also assumes three values, corresponding to the three types of decay:
(o,e) = (e,0), 0 = 0; (e,e) = (0,0), 6 = 1; and (0,0) - (e,e), o = 2,
Clearly these indices are partially redundant, since v = O necessarily
implies 0 = O, The definition was chosen for convenience in the numerical
computations, and one understands thaté%_is to be carried out with due
cognizance of such limitations,
One then defines
E (t) = z A #1°(t) &7 EJ = "EDOT(cAMMA)" (1)
JTo

where k;o is the average beta-decay rate for decays of the type (T1,0)

in the Jth group from stability; po

J
that type in that group at time t; gT is the weight function mentioned

is the calculated population of

above; and Ez is the average gamma energy following decays of type O,



This quantity is plotted in units of MeV per second per fission,

Next one defines

) = z x}" Pg"(t) g' = "LAMBDA" (2)

Jjro

equal to the average number of the beta decays per second per fission,

Finally, the rate of energy emission from beta decay is given by

1

Byt = 3 [#9% + 1] A7 #1%s) &7 = "mp0n(D)" (3)

Jor

This is the total (including the rest mass of the electron) average rate
of generation of energy by beta decay at time t. It is plotted in units

mc2 per fission per second to emphasize the fact that the electron rest

mass is included,

Clearly the difference,

Eq(t) - Mt) = Eg(t) (%)

is the rate of emission of energy associated with electrons and anti-
neutrinos, excluding the rest mass, if the reader should require this
quantity., Equation (4) differs from the definition of equation (11),

reference 1, which is erroneous,

«]10=




VI, DISCUSSION OF ILLUSTRATIONS

Figures 1 through 15 present the calculated time dependence of the
three quantities, i, ﬁd and ﬁY’ for each of the targets listed in Table
I and studied in references 1 and 3,

Figures 16 through 18 present the same calculated results as a
function of z, with time as a parameter, These figures are designed to
facilitate estimations for target nuclides and experimental circumstances
other than those calculated explicitly., They are simply smooth-curve

interpolations in z of the numerical results in figures 1 through 15,

=]1l-



TABLE I

3%
Average Displacements, z

31|

Target En \Y
23> (1. 47) 2,58 3.52
2,00 2. 80 3.47
B3 G(L.47) 2, 70** 3.05
238 G(1.47) 2.82 k,12
232 1.60 MeV 2.08 " 3.97
pu=>? G(1.47) 3.06 3.29
2,10 3,12 -

*This table presents the values of z used in the calculations, to-
gether with v-values used to obtain them from the U-235 value via
Eq. (19) in reference 1, The second column indicates the neutron7
energy, or a G in the case of a measurement in the reactor Godiva
with the mean energy of the Godiva spectrum in parentheses,

43¢
This value of v is obtained by adding to the value measured in the
reactor Topsy the difference between the Godiva and Topsy measure-
ments for U-235,

This value of v is obtained by extraepolating via Eg, (19) in reference
1 from datal at 3.5 MeV to the indicated (fission threshold) neutron
energy,

-12-




DIy
e e

oo
~o e eos

IRERLS

+

nes

+ 4444

—~ +—4-+§~

o$—

e

N

44t — 44— 4+ ..T.,...:.

—t

LI

-4-4-144

4 4

- ———

4 +44 -

4+

b -1 §-1-4 ¢

- 4

¥

-V

'0-02

"03S - NOISSId s, 8

6 » 1000 2

P

i

1

Ll
6 & 10°9° 2

4

|
6 81079 2
3.52
T (SECONDS)
U255 + n,
-13-

4

Fig, 1.

6 8109 ,
LAMBOA VS. T FOR 2BAR

4

10793 2

“’-03



, i : PR I
| i : RHEHE .
W . NEE D L\\. -
” —— :  RE R .
. \l BN
+ ~
. \\ . .. ¢ ~ ] -
: i mo
: ? T : IEEEERE: -
: E k : I :
. . » .M' N . } . * -
. . B - + - .
LR il es ; iR
. . R Lt + B bt R Lyl
s M 4 } -t ~
N T A \ fm e — v ! | |1|w - ]
/ |11 | _ a
. T T —
4 94 08 0 13081 v T e
P o - w T ||'|... .
HEaE =
T : ]
r +——r -
T 1
4 2
by $6 9 W - t!m -
- ) | 1 i 1 NS
Py e 0 3 w e b p—
PO G 1§ Gy i S m m 1 ” —3 -
. - - . ] M 4 —
: _~ ! ; i T ~
LR SRtk ICR I - * + t : - -1
. o1, 1
. - 1 " m
R B S adbiads ot : —— = Fe
D SO SR H el g 3.
e — ps e au =8
- . i ~
. . "
9
" k-3
L] © - ~ W - ~ » » M -
A "
(D3S—NOISSId / ON) A9H3IN3 AVI3d

VS, T FOR ZBAR = 3.52

€007 (D)

T (SECONDS)

P35 4 n,

Fig. 2.

-1l



('03S—NOISSId / AIN)

A9¥3N3 VAWYO

. . . .. e .
. . : HRIEER .
. PR . . o} PR S IO B ©
. o4 . . tfedefedfod .
ofe P S . . difeted o f o ©
14 2922 22 R B M . . SO DD M I
YM- -
ofoget e 19 O - . - 1222 R I .
dI 417,10 L& M i ER KN N I
: 441 o
i ' T ! 1
* 4 .ﬁ. 4 .‘41 4 . . . -
i i i T
5 ‘ \F ! ! [}
+ 4 T.T (e
. } + 1 : : : -4 o
: +- HEf<+§ . . 3
. DD N N 4 e
1 1
. . —— REREE RS - 4
:
-
- -+ + -1 . i
N 4+ [ FR .
! + i ! ~
' | ' K
. o “ } IF» & . . . da
] i . w
A (Ll 1l o
o o
12 £9 S o —f- e g———
3 53 B 7 s 1T 1 i e TTIIIT d e
S B ¢ - e « .- l
B BN IR b — + 1 » —te— 1t~ -
“f-F-} - w b + - — - Y pp
g ¥ { oy e 1 : I I5en SR G e
1 t -1
‘ T t T
P A i 1 + . - .
i 1
+ t 1 t ~
. ! 3 } b . - .
T i : (=)
N 1 L 1
| _ o
- P pep T e —F e "
. P Py 05 + " ) — - -4 @
41§08 S ool & - i g iy Savall SR
. -1 + 4 . T —— - - -
P e ey -1 - < =3
+ + “—wp -
- i dl.
1
) i
i i ~
R R ey — - [0 PNy W S S 4.1 . P
o
[
o
-
s 29 — ~ 3§ <1 - Py —
N 93 SO g wpan qube - —— = =1 - . Je
. PO QR SR SRANY SEERGTNNS GEE ..uy. e f— — . 441 - . .
Trbroro /s o 501 S0 S50 bt RN GRpb O S (i) SO SEN 1.
s “f - - f- - 299004 PSS ppay g P - z PP Foay Sy s -
q -
-4 . [ B D S B fodet-d-14-1- .
~
_. . "
=]
0
. L 2
© e - ~ g ® - ~ § © - ~ o
[ 0 L}
© o o
- - -

3.%2

T FOR ZBAR

EDOT (GAMMA) VS,

T (SECONDS)



'03S — NOISSI4,/5,8 40 ‘ON

. cqeqegopoy - . . qegeregey o .
{. . HE MR . H REBEE R RE B
N . doefefobef e f o . . HE R EE . .
. efefededed o o . . ofedededod .
. efofedopet ot o . . dadetodof . -
. 1124 24 ] v ‘ . 2R I :
odotofotet o . . . tfogofodod o . v
T T T 7 T X
NN | A 'l ~
frtetede \ . . 4dedot o -
. ; 1 . i~
i — \\ N B m 1. 60
- T v P o P + —f— — H+fef o . . . n
. . . 16 t m + . ted 1 . . -
. . . o o oAigy + m gt “ 4111 - . .
. I S .. . —_ - PO .
1 | i i1 hd
- - - - - 1 + - ”~ 4 . * - . -
D N pet 1 Lo — 1 1 . v
: 211 : 1 i : i 1 . :
T 171 ] 7+ - - » 151REEN B IGD I X
; H . N RITSEE -~
/. ! 1l | ! HHAMP
. [ SN S PRV GUQ . - + I . . 4
T 1 N : T 14
| | :
©
+ -
“1-1- ’ 1 ¥ e K 3
o= ] ; : i
S iy 98 . t : : 1.
jetet -/ :
. -} — .Nl- 1 w - . .
+
1 00 9 P 7- 4 4 - 1-- . 1"
T
M
— R { ! --4 . . 4
. PR SR VPGS QUG O SN SN . . ;
_ ﬁ + | + ~
H
defotobead o - - [ .A._ . _ 4 w h_ YR S - - 13
i : : . s
NN R _ HIIEIE o
1 1 > i i <+ + - e o - -
)9 Ol s Shep ey shues 9 6.8 B n : 1 I = : e
P T - - =42 1 P ' H - HH -1 N
1455 60 oo b Ghalb | Rediie 11490 A1 G 538 RS T pal) B i
1M ! : 0
P P g Emap capary | e 1 ? e o T
+4 T T e i 4 - . b
. POS EPGR SUNE | PR " r + :
etetededt ot o B — - + 11, . .
1 1 -
T
I T O . . 0 S O SR 4 Il R -
iE o
i
o
=
- ” “ ” -ll - - - . 4 u
-1 . . . .. - _— PO N UGN .
. - - - e [ GG (U bt -4 .1 - . 4o
3T F-§ - § - P =~ S o - R b
-
S 29 90 S . L R 90 08 D D ) S SN
4. P Ny Sy 3 . . Ld.4.4.4 -
4—+ ~
(IR . I N n
. [
i
1] — il ; - ]
- o - . N O » . - N ”
° 7 - ~N m < ~ n.- n.u
0
-] o -]
- - had

3.08

LAMBOA VS, T FOR ZBAR

T (SECONDS)

U253 + n,

Fig. 4.

=16=



(*03S — NOISSId 7/ 3ON)

AOY3INI AvO3aQ

. gegegegep e . . . oqegegogo g o . .
. . NI R RE K . . . 115358 58 68 B4 . . .
. . . ofefetetet " . “ sdefdofed . . . . -
. . . 0990 06 D N SR T . . H vded e .
. . ofetetrdeg e . ‘ t nt X KR K . . . ©
. . . . . ‘44 TL« + + . + . . .
-
. M . . Lfetedet bt R SRR 14T+ 4+ . . .
+ T $ ¢ b t
. . . . 4144 1+t L. - — —— —4 Av* -+ . .
i . P !
~
10 L | *
N O A I . + Ny, - 4.1 . . .
ﬁ -\ ' o
\ ) . Y
| N o
NI EE BE EN I O s det e D n
B - P -— = *- - 4 e
[ O %0 G S O P SR T -] .
1 O U (00 EDGY (UUGHS QRGNS SIS +-4- . S
s Y - F - - -+ *

T -
d-$ef-t -1 - [POIN e - —
-1 A ) p—

|

L1, N
08 00 O 00 O I S I A
©
1 *
: o
CN X3 - v 4 -
9 2% 3 PP 4 -
191 03 4 0F oul A -
B TRE=, Nh P4 <
X TX BN T & 4 <||L
T )

+ ’ + ~

N t
Y 7% P Ty &% . llol.lu.a.u.
: o
* -
99 o9 > b -
% 99 08 + —
cofete + : + -

+ -
i 444
g1 4 + -

HITIE N S
T 1B i ~
| e . o—n i ] I ! : - -
det-dod-F — — 4 + '] + . - - ~
' . : H )
N : ' ' H 0
| ; | o
“1-1:1. 1 ’a e ) e had
IS O DY S Su pui GpbGw Sy . . T e o - N
0 0 9 (i CDOD SN SPRNE SDDEIN B =
B S R R R R O e s & . + c- o-d o
N
% 2% O% BN TN WY s < 1988 53 1 - o
1 3-7-F - - . . e 00 00 W1 » N -
+ $
¢ +
. - . bedetot ot b o3 —L e it [B SEPRNE N . .
~
t
. . N 7 9 I I B I . [ - 4 - . . v
H: o
w__ .
. . A Wlil o1, °
° © - ~ o ¢ © - ~ “ ® R ~ ~
© o o
- [ .
o o o
- - -

VS, T FOR 2BAR z 3,08

E0OT (D)

T (SECONDS)

U233 + n,

Fig, 5,

-17-



GAMMA ENERGY (MeV / FISSION~SEC)

.
R . . NI EREE . IR IRt R . R EE I REEN . : .
T e T 18 5511 RESE v I8 23 5l BERE v IR B2 I EREX] T T T
e . »* . . v . . . ] LA ) . . . . LRI . . . . CECEE . . .
of e . e pefef vy . 3K X KX BERI . RS B Ry . Ry
.
v S 1S R . IR EERE . v IRER ' R B3 12 R . . .
* + 1B RS
. T . l P X3 A.l ‘ [ K te ' R EEED . .
. —H :
. N KX K} KRR Y . g e : N"ﬁ._ : . b deded eans B . .
T H " ¢
O IR BY B . ; ; { .\Q [N X3 XX EERE B . e
N ) 1
2 +t \
R I O D S o L ,\ N .
H i R e
| N
-0t —_ . $
1o . . t 3 2 g2233 3¥- 1 o
N . 1 7 * T 1IN * . IRET
L . . Y t <33T e ap ey . . T eee
T R s okl 24 . - . . s e
o 1ehy Te . ] T3 'O
. MRS B B s -+ 11 BEESnmug pes t \. o coee
T T
. P S Ve b t 444444 44— <-4 4 —~ 44 43414 1q- . B csee
R ; , 88 I X
. O 1N O N L L. 1 S W U P Y | . .
#: Y! !11
. et ;; . B0 Y SN W ,.H+.<~:J . . coes
. '
. [ 1] [
) EH B R H i
. S T . st - R NN N WY S . 1 —{»L“u.... ceee
; ] I
- t
-02 N 8 B N ¢ ]
10 " p— NTITIRE t 331 = 23 T
3 . + shef b o . 4 -4 4 - - - - oo
et 3 . . 12 13 R E] . 4 ¢ 4 -4 -~ 4—4+4 - Y RS
. IR ERRY . v 1y - [ 4]- — + RS2 e . caas
. by + t
I . e foeded poes . R X - -—— + »—A-Tu—. - e oo
* 1
N L L3 4 . . ceas
. R X I R . O olt . 1yt + + '-".Qf,
b T 18 B \ S T t b
. . efdod v ene . R '.l I ‘ 1‘6 Y PR IR XY SRS . PR
o 1. — i
I | 17T, . 0
. R TP I RO . R I I P . AR B DY BN . [ S I SRR . .
'
2 +
. '
. I Y P . chebe e . e dofed oot . o fdefet oo . . v e
03 il TTHAR
10 — " Tﬁ e 4 -o; il 001; " PN s
10 4 ¢ @ 10 2 4 ¢ @8 10 2 4 ¢ 810 2 4 ¢ 8 10

EDOT (GAMMA) VS, T FOR ZBAR = 3.08

Fig. 6.

T (SECONDS)

0233 + n,

=18«




T (SECONDS)

-19-

T FOR Z8AR = 4.12

vs.

LAMBDA

10793 2

. pefegege e g e . . spegegego et o . .
. % 03 0 PO SN IO IS . . mifedele ]} . . .
. JIX LY KN XN 3 . . . » [ N K] . . . .
N 0 4 4 B 40 I IO . .“M.... . ' :
. ofegefofed o . . . DI IN K} . ] . .
T 1L j
. . Jefefetete . . Hitigedr g ‘ .
. . ofogefetet > . . . +fé + 13
i -
T
. . . . Jofegegete gt o H [ + LA ‘
+ - r
. . . fegideqogote g e . H L‘\ 4
' .
HHEE o A ! .
. 3 .
Ry . 19200 o4 Rop Sy - 4 . .
S S48 S I . . 1904 90 Bt e 0 O SN ” b G :
15 25 59 DOF IO IO . H0t09 0000 00 B o — ' P .
. Y . . . .—->. - t . .
T . e R T - E 2= O T :
00 44 *
oot . . ww._ -+ -+ - -
100 08 OF SO SPER SRS ¥ H 111058 08 B 7 ] WM
i 7 — 1 ;
T *
T g
v H
i
Y Y T T¥ TN - * — ———— ¢
efe b o b fb—u
ofet - - -
“tetet~t—-t
FFt-F-1: FF-—F
ofed -t — 4-
44—
HHH
T T
8 0 O 000 D Y 11
i
E ) ¢4
14
+
4 + 1
i + 1l
b e b -
i . E 1
* t + t+
4 . 1 ¥
3NN 1 .
BN 1 T !
N " . t
| . ' HER A i
575 00 0 O S0 SO D N I
" —_nmp m w»»
of-4- o f g —p — m- +
OF ) O (U Ga GEPE S + 3
1048 58 O O (e SR Shuby e H ,_ + .d
f--4-1-4 -4 -—3- - e .
beot-3-1- . . . 0o ve
-4 - . . - 4 «
u
. - . ededed oofo P YO SDVENS SR
- . . fededeto . . . P R - . .
h ne nn
° <« - ~ o © ¢ - ~ - b © - ~ N & o =
o o o o
* 0 0 D
o o o o
- - v -

'03S— NOISSId /5,8 30 ON




DECAY ENERGY (MC? / FISSION-SEC.)

10

0

10

L ... i H H it
- + + : ++ $
= - . . v ) .
"“ - DN ) [} . l . * . LY . .
r of o0 . i ] I e drdel rees . . .
s b i *+
.y . l { ! : * . . .
N l f!“ R
. Rt 1.
2 ++ + 1
sy 1 '~~n~‘~\ . PO YRS P .
1] 1] \\N
*01
+ ppetat -t B=ss. ©=3s:a Ty
. : E3s:= S EELI EEEET
i : ==z TETmX It EEEIT
M T o g " I+ H 1R B2 2! RRETY
g - AN 1020 0 $9 SO
. : v
N R 4 [REUN R0 ) 0 SPEpaNNe
-
v I T M
. 3 - 4. x3 - o ooe
» A
[ 4 T
) .
el -+ 44 . eene
| .
*00
> 2 = S T
. =
. - = PRyt
* -+ —t —- A ~te
4 + +
$ L XX}
'¥ ‘ H + T 2
. itt U.J PPN
: H+H 1
i .
] ) l
Al bl ] --L-.“ ui.....
]
-02
= - 25 a= =2 =+
3 P = = rY
of E=x =1 I
¢ . ] - T H{4H - 48— < — PRTTT]
. . -4 41¢- -1 1444 11Ht—* 4-+1+1- s oee
4 T
. | : I . SRS IR IS 1 N . ‘f - - B Y 0N B 'O
'
by -4 44 414 ) i o . ISR S I RPN
z 2 ! i 1"1
O T :
S Y R . V) ] i T X1 R
St . B L
-02 sl [ l bl .
03 o2

¢ 51002 2 4 s 8109 2 4 ¢ 010°% 2 « ¢ 8100 2 4« s

€0OT(D) vS. T FOR 2BAR = 4.12

T (SECONDS)

238

Fig. 8. U + n.,

«20-




Ly . . Cpege g e e q -
I . 1 R O B R B
. N et f e IR I °
et . R ER Jdel .
N8 19 O 00 S B I . 1% P I . . °
ofode IR R R . . 1R AR BRI 1 o ¥ .
H1104 9409 B IR S . M . IR ER h
’
X100 04 0 8 0 0 » T
T + + ‘L ~
. L1 R ER N 4 ot
““*. _ ! ‘.1- . ! m_.
ELLLL i A
" T T P & oun oy ] .
: nigteeesn o m duk aliel 1T 1R I i : ©
: RS & 1154 §5 6 & 68 o ule qunt o« S B O :
. . Hertaes s 8 DS B . °
0§ 1
T v T ) T '@ geap Ee T
i M : .
N N M , M Y~-f « M
T
ofe e - .« - ww $ B -
j i ,
y' i ~
)
I R SR N - . 4 B S S o
il 1S 8
| it a
12 02 o 94 12 S e
s oy ban : -
o 1 +—~4——
w 4+—~—2 0
- : 5 —
° -
N 9 00 08 0 ) & h\~ 1 114+ - —]
+
11T y A || 1 HIsHR S
7 _ 1 T
t L]
JARR AN HE [_ﬁ il
- =2 X X3 -y M N ULILs i - - -.
THHNK —_ | i 5
S S o
pon g g e > o0 308 = -
i i .
S 0y O 7 [o—
etet—i o 1l -
.Wpa w : W
LY oX o X T BU S S "
- T + " -
q 1= : T T C S GRS
0 U N QU G H H i ; WY 1 .
f 41—+ ;
i 1 M ER R ; ~
-— .- -— 4 +- - " -— - .
O HH t T I3
HHEH N i 'a
2
'S 3 E-an swquy o qeem e s : ]
1R S0 hd A T3 e
IS D O - P
D S G e . —F- ) L de
12 PR T p ) Ro? apa epones T=3= pau—_—
-
< N WOR 00 90 OO O s wpa R [—. dJ -4 - -
. R85 2 D O J S G R S N O S
-~
AN . LLLLL LY g1, |
=3
1] , .
" m
* <« - N o L o . N - L J - ~N N -« - - ~ bl
8 a [ o
* . 1 .
o (-] o o
2 ] -] -

(03S—NOISSId /

A®N)

A9YU3N3 VHAV9

4,12

T (SECONDS)

T FOR 284R

EDOT (CAMMA) VS,

Fig, 9. U238 + n,

2] -



:: : H it
= : : : H-
IRE: T y T 1T
€ . v T IR RS LI RERT]
ey ; ' I ' B RER
. ..51 ' L . R R
+t + + +
i + ) (IR XN 'Y BRSPS
e IR ! IR
; L
1 | ' :
Y RN . ] ‘1t [REXD
'
.
+ T = I
T = Eeays oy T
t t b = .
HEN - 14 b 1ede
i 3 N it
é t : 4 —1 $-44 = {'..
2 ~+-+ + !
J i J L L SIEREEN
T M e
B )
: L ==sss:s=a:
* e =
= 2 T - -
: 3315333 =3 sZEas
. 1 “4+H 1 LS ri1e
¥ qr_... —4 .
11+ H b,

NO. of B‘s/FISSION —SEC.

[
; 3 == = :
I3 ==
v = = =e
T T ETF 1 34 ¢ +
. ¥ F—F 5 H4 3=ee
:
: [~ + ¢4 T—{}I;A
+
T T RE1 S Y 1 B R
3  d
IEEX . i b~ ~p-+ 44 -+t —-I ¢ Jeodod esene
]
! []
feeeel b et Tt . 4 4 i S B B 0 I
U L L [ l S— ll ! NS S §) N
- ° - .
4 & 8 10 oz 2 4 ¢ & 10 04 2 4 ¢ 8 low 2 4 ¢ ID.‘" 2 4 s @

LANGDA VS, T FOR ZBAR = 3,97

T (SECONDS)

232

Fig, 10, Th + n,

22w




s s 10°%

4

s 010 ¢

4

Th232 +

T (SECONDS)

-23-

4

Fig. 11,

VS. T FOR ZBAR = 3,97

EDOT (D}

4

. RN IR : ity frg1grge g e .
. 9 22 15 B4b S M . . 3 -
: ;g ! it HEEED P
. 19 00 0 IS AN SN . t defedsd+ ¥y - +11 PO
. ..ﬁoo' . - - -4 .wmAﬁiﬁl —t- -4~ “ - —d
. :
p 33§ ¢ -§ -o- -~ T — —= » o -
. 1 F+1--F- - ' w
T M t )
. 1t 1 M 111+ tt
b T
B { ]
. r 4
TTTT I
_h.___ | V]
e 'e g 1t
[~ " 641000 08 0@ B
T TR 1 10
T 11
—— - ) 3
1008 08 B b )
] b T g ) 40
——— 4t et +
T v I T
14193888 81
W L l
? 1 8
1
B IR 8EY:
TT
b4
0"
N 1
+
1L H
+
)¢
1
)
+
i
] \ w _
t
J § ) 104
I
NI 11
J. +- ) 14
e ) B
) B T
- i . +
M L
! | HAAI
i ! A i T
} : Wl
R S + 11°
- T
: 1 i 4 0 Y
AU s
DIR I S -— 00 04 ’e 1
: " o
o= - —C
g4 R S . . . de
. W09 Y N S B ledededo .
| b
©
N m » - N W D ¥ - N m B © - Mv-
* * 0 [
o a o o
s S - 2

((03S—NOISSId / z0WN) A9Y3AN3 AVO3Q

10793



34 04 2% 3 S S S S . n 34 0F 8 B I i . 12 2% B B . b ot b B SHIN B .
o4 04 4 06 O S48 SN SN : 04 60 58 0 D SN i . i 12 PR 4 . Il 10 B8 S48 B4 . -
0T 2008 O D SN SO SN . N EE X . 1R 0050 00 B B . #4090 00 e Sha .
PR 98 7 T TOF TP T . - 'Y TN . B e 4 43 ¢ 4 . N
11 11 * " L . s
fefef-f-§§ - . . LR &3 . - - e 1+ - . )0 99 B f0g M Y
T 1+
O 19 00 0F DO Sy Gy gt . od e} . . 1191500084 w M.\. -—— ofs PED e M .
il . 2 JIN .
N B Y PO R O . - ¢ » - - M ided . . .
«dl . INNE -
T T
. ' Y,
SR 1R 16 O R AR - A HA A+ MM.. R DV R
' o o
¢ N N I 7 _ r ! .
n . I __ o
e 133 ) e 04 ¢ by -
1 T " 1 1t
0 4 06 00 B Bin 0 i L 4 18 81 "
POl Jr s i e
1 _ M d 3 T Dk 4
[0 QRO Snpay )4 + ) )¢ T
o bd LT b 1 )¢ benline
bo b $- -3~ A e 4 i + + -
1L 18 B B t t pap—
t \ B
- NN WS I I —
HUNANE l [
_M. T M T T ~
1N 14 1 VN9 Q) (N S W Hi ! i 4 : _
{ ] M
d _ o
T + -
: R -
1 1,
¢ 1 H -
' 70 84 110018 00 84 -
o 140068 00 01 T 3"
..-- 1l N
000 00 30 O O 8 75 MMM 1I2S B 1110 Epa—
FTENUHANS | T
%;- HN T m- ~
H " HHA K
LN X3 - - — + o — .
i \ T i i _-u ] I._m...
: .
: N o
T 2408 50 0 B4 1 —
D i S S G M 4 341 150 1 i S
400 0 1 0 Gl gl Qoo : ! ! 1 1.
‘" I ) )
feot - - ¥ ¥ - —
* W + -
P Shem gaa P—
) . . 3
R 0 U ) SN QUR S - .o H44-4 } PO ISy S P
T : .
Ui . .
IR X . . e - o — T +. o —— b - - . -
' ”, . Q
_—-_ . o
. . - - - P e ot - 2000 o¢ b .- — - . x'n
D S SIS Iy S0E0 SUap Sy g + [P PAp SOU By . e
0 PO S N800 90 OF DI I IS . -t d . . efet o} - .
Y O . ldodededetaf o } o [ HN — 4 . Py R SO . 4 e
-1 - 04 09 0 D G Shay Epe . : cfete § o . 1% TR 3R IS -
. . ofed-fe ot . . 119499 90 0 B . . jodedefedofof . . . -
M . fefeloted gy . . N % 7% BN I . Jodedodeded ot o g . .
t ~
"w.»*. A . 4 14 1 R DR (PR S B . % 0% 5 79 DR IO GO .
P 5
sl il °
- % - ~ 2 9 e - N ol b o - N N e e R ~ (<]
o Q o Q
* [} D .
o o ] o
- - - -

((03S—NOISSId / ASW) A9YIN3 VWNAV9

EDOT(CAMMA} VS. T FOR ZBAR = 3,97

T (SECONDS)

Fig. 12, Th232 + n,

-2ha



'03s - NOISSI4 /5.8 j0 ‘ON

. . . e . .
. . . 5 . :
. . . 1 . . -
. . . $fegod o .
. ot e . . sded e f .
" IR I . + . - Hrt4S ¢t § o .
1 1 11+ -
fefefefets .
il : : L\\q 18888
B IXEX BN SO [ = - w«. .
: 1° I
Nl
I i) ! ! 1] .
T Pt — HiT° 3
i » : . <
| ©
P S 1" T pege ey "
PSP G P S ! - 3-- 2 pym UFY
IS S . .- . -~— - -4 . - —
D O PENES S i -] . Je
A
P Y . . — ——t -] . ~—]
y s -
V-1 - §-- «/ - —
T 11 44~ : P pe—
7 _ e
o} . L — + . - -—o
m o
)
L
y 4 + -
- + -
- —4 ®
f
19 g o 1 ot -
Y 4 —
] I.
detH- : —
~
'
R QR R S S R
S
0
©
-
P Shy | shma -
[ i DG | QDU QUG ]
L.t -1-H - + -« —3 w
+ -
3 - S —
- e
T .
PR TR USRS WY T - + + PURR—
. - ~
IR 3 :
. - . + - . o
i m i D
a o
- - - —f— - 4+ e d L — -
I | iPgh Sl olyplamin 1 3 : IT77 e
N - g —] PO
1 3 I . H
. - - 4—-4 .. de
1 10 B4 I {
T 1 3 T T pep gy ]
" ] 1 e P gE PR 31
d &
EY T 2% BN I SN AP e p - 4 b - -
- ¢ ~
NN
. 1390 52 R I =
i .w
HITHE °
“ B3 ~ - » ° - ~ ) > © - ~ n
g ¢ g
o o o
- - -

LAMBOA V3. T FOR ZBAR = 3.29

T (SECONDS)

Pu=2? + n,

Fig, 13,

~25-



("03S— NOISSId /7 ;OW) ADYH3N3

. ogegogogog o g o . . qogegeqot o g o .
. 4 52 34 O ¥ RGN S . . fefetod-g-4 - N
. . 9 29 29 P P SN I . . brtefod-3-1 - .
- . D 2R XN W) - . . |+v!¢.¢¢ . -
. . N1 R SR R H ce - . oled o B
4 B ¢ 11
T s R =+ 1 - T 1900 o s
. 1 0Q B4 S35 05.00 S S SEDEITE NN N
. 18 8 DA S i ; 1
18 &3
. — t m-_.....—lLllnlllnl = 43 -
" ' ! + :
T ~r~
1! : e |
S S ! E H .
'
| L\ ;
3
- 3= page
- T
: 1
- . —+ v
<.
< ¥ +
T
oL .
1
7
\ T
y 4
y 4 .
7 . =
+ v
£ =
T
T
. T
1 T
M ——
}
T t T ¥
: T—f ; 7
M u.. T L8 0 T T H —
T Y i 4
pem b 00 o } g <~ — o o4 D e Gy—
M 1 PER SN S H - 4
ofededet ot o f—r-p -4~ . v .
! . L
+ + T
[ T2 TR K IO ) ~ . + Jdr
i : ]
13212328 B2 B I " . - . .
defefefof ot ' . B 2122 2 - .
efofofedet o} o . . ofefe . .
dpetebete et . . . NN . .
. B2 EERE . . 1128
{ oefe o i . . . ofefe
I T ) M .
i}
ci AL RS
I
) ;
2 ~ 2 » @ L] N s * ~ N
* [ 1
o -] o
- - -

¢ 81000 ¢ 4 ¢ 810%% 2

4

T (SECONDS)
26

6« 0300

4

Fig., 1h. Pu239 + n,

vS. T FOR 28AR = 3.29

¢ 81092

EDOT (D}

1079 2



GAMMA ENERGY (MeV ./FISSION—SEC.)

' . o I
: 1 1 ; T
° : 1 T
T
. 1} [ 1 : .
: + ! -
' an. - .
4 T
! Il .
N - \\ .
H I
2 ‘f ‘N
] ‘
: . L D VERRY A N
I i
- . E =25 EERLT
— ESELL
o 1 —+— Tt
T 4 g g . ot
6 M 310 —~ LAl
H “+
) gpsn \ %l POBON
18 \ ARES N DO
;4_1., e
) .
. !
T
A i e
[
1
PY el S &d >l
o T
. L o
414 ——3— 1J>~»_+<J~. e aan
] N 4 - SIS TT ) N S N .
2
| I
1 Ul L
1079 ¢ 810792 2 « ¢ 010 2 4 ¢ 010" ¢ ¢ ¢ 0100 2 « 6

EDOT (GAMMA) VS. T FOR ZBAR = 3.29

T (SECONDS)

Figo 150 Pu259 + n,

27-



A=NO B DECAYS /FISSION ~SEC,

1.2
L AF
1O
08
\’\fx 03 sec.
08} —
o7t -
06— —
05} t=1.0 sec. |
04 ‘]
03 /tx 3.0 sec.
02 —
0.1l /M0.0 sec._
! ! | ]
3.0 3.5 4.0

Z = AVERAGE DISPLACEMENT FROM STABILITY

Fig. 16, X vs Z at various times,

-28-




E, = DECAY ENERGY (MC?/ FISSION - SEC.)

15.0—

10.0—

oy
(o]
T

L t=10.0 sec. _
|

0.0 ' |

|
3.0 3.5 4.0
Z = AVERAGE DISPLACEMENT FROM STABILITY

Fig. 17, E 4 V8 Z at various times,

-29.



Ey= GAMMA ENERGY (MeV /FISSION - SEC. )

! [ /]
1.5 — —
i /f= 0.l sec.|
i t= 0.3 secj
1.O— / —
n t=1.0sec]
0.5 -
t= 3.0 sec.
: — t FI0.0 sec.:
| | l
0.0
3.0 3.5 4.0
Z = AVERAGE DISPLACEMENT FROM STABILITY
Fig, 18, éY vs Z at various times,

~30-

.




REFERENCES

James J, Griffin, Los Alamos Scientific Laboratory Report LA-2811,
December 6, 1962,

P, Armbruster and H, Meister, to be published.

L. B. Engle and P, C, Fisher, Los Alamos Scientific Laboratory
Report LAMS-2642, January, 1962,

Maienschein, Peele, Zobel, and Love, Proc, U, N, Intern, Conf,
Peaceful Uses At. Energy, 2nd, Geneva, 15, 366 (1958). We note
that an apparent discrepancy between the numerical gamma energy
rates in this reporf and in reference 3 above is attributable to
the difference between the two experiments in the cut-off points
for low energy gamma rays, Our parameters and calculations corre-
spond to the experimental situation of reference 3,

A, E, S, Green, Nuclear Physics, McGraw-Hill Book Co., New York,

1955,

D, R. Nethaway, Washington'University (St. Louis) thesis, as quoted
by E. Hyde, University of California Radiation Laboratory report
UCRL-9036 (1960). In a more recent publication, the value § = 0,9 *
0.1 is given as the best aversge for fragments of several masses.

A, Wahl et al., Phys. Rev, 126, 1112 (1962).

R. B, Leachman, Proc., U, N. Intern, Conf, Peaceful Uses At. Energy,

2nd, Geneva, 15, 229 and 331 (1958).

-31~



8 Experimental evidence on the photon induced fission of Uz3 5 R U25 8,

252

Th conforms generally to the present calculations when this

prescription is used, according to R. B. Walton, to be published.
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