. “ 4 REPOR O O
s " . o oy 1
S o o =
) DROD ] el
. » o :
e .
y . § A, o
V-. A8 QS g O 8 :0.1! operaiag p e Q O a 0 a O 8 20 ale Depa 3 O Sige (16 O a 0 O

R

.‘--'-.17r..! . _soe -,,.,..,.. bt o s 4o s ‘,t....,......u«.., ...u--‘.e-._\p vmtat i’ . 3ord
3 TRt A ]
TR e s

G R TT N ST e

RERT &

R ErGEPE
.a..mr"t.,‘ x.. rrore

et

Woor X
B ......J

it

ey Aty ayoats ‘,.; .

‘. '.'w..' _n. et

. ST LTI

e [ Y

»

wi
g cdvinign

EPOIE NP PRMEIPYIT P
s e o hen . T Py
Pho i PSR - ST L Sew e aen ’,.,.‘ a
. . ~ . i . i
gt K v e g e i
wh ."..~. _FAL‘ SRR RTINS "3-‘”‘ R AR et -u.x' PP EREILL WL R Re: WP CORIR AR AR T S ST e0
A gt e e e o TN PRI S T e I ;
wee Ty .‘.. q PR STUTIE TR .‘..u W T T e e BRI TR X S wibie e
N . - et T e T e .
- ot a0 & Bk e} L et ;..lwq-,ﬂc'\(ﬂ! A Sw L sy Lo e
Q"-‘m—'ﬁvm‘ Loy ‘,.\‘ Dy A PIE LR AR Rt L) tEiad St PR ""0""‘"‘}‘".‘ i1

A "-‘"f“-"‘:“‘\“-‘}“\w _En‘&""’iﬁi‘mt Kihe ",-'.‘L. e
b it ik,
b T

[ S e alene g, s

.: ,.w flw 4 “ ’J'-?.Lt‘, »
WO 1N «"vfnrn ST

one e e et

I‘

B e B s T L e T et LR P iy
B SO S PRV VOISO STt SR ST TO R [P ST SN T LI R SREPI VPO et UP U RIS T T F CTUNICY U .uv Coapi s LA LT e e e
L _ e o e o, ¥ s b e b o g e s : "

R Rt B g LRCEER Y i b X CRRT .-u '~-".- R
P oo gt Sy P . PRI oo

W " e 'u.v{‘:- el ke l"..-. S el

s e &
Tar Y = e s "'"=V_""" " " e "
"f’ R 5 ~'; oy e : Jn‘%’f"ﬂ'?ﬁ“ Aril W i
%) rl RN b 3l " 1 IR A W G f‘:;‘ ';" (iﬁ\'“"

"'v."m" i R3 ¥ AL X T A i v 3 2 o pé -y iy ol
L ""'n.s's. ..‘.c’l o ~|‘v" G il W ks pe L e
oS SRR 1 p s L it » {8

R H
o iR i ,\,‘.

I
i \l l-4A dn- kg "o,

.—,-_-,.. S Tl v ..s e .,;-,. s "‘5“'5}‘;'

kS "I.A-ﬂ Lo ddL Wk J:‘».;..TJMW.L'
...,_,....,,..,... v g s nr P dint pry e ovfrsmiesss

788 hod RN BRI (5T ‘l"

—— Gobe et
Z — 00 - ~: : AN
S= ™ M""'\.@' £y m\w,mq ﬁ 'l.ﬁ ” T
< N - i
-4 SR u;.‘." -
o < g G E
= i
S=——=0O i - 'J..: H R ST . % i el . td
§= — connidid weet $0 . = un.-».",.. e L e mnm.. I
= e 1 et ‘r' 1S { &* d ; bd'!' ""’* i '“
=M 3 s AL IR Iy ,.| ey
— ?h i ‘i».d-. R s o : RO PR S ;; M ‘.bl
EFe LR ARt o LOPY e 15 Ay X 1 D okt e ) ﬂ'
;_o A :c.wrv B Tt > d - RS o H ’ 'w-v '.-~ " Bl |'~ v
]
=== A4l P s . sk : S
b =M ,u\\,«.n’rvmq.t mn.k wt\\.n~nu.4 Tl dopd-.. b W -u "Dn ‘w .-u m\‘.\\q-a- Pt
‘ — ,‘ 5 m- BN }: R
—] % .,
_— a 14, % mm
=g e ww %
=0 S AR .,....4. Ty T AR
7]
Ee— e A STINL I €W L AL IWURIA T AT s iy e 'xmvm At TS e A i it R B o ",
. S==m R s ks — “eTy Ty T A R T A v g el --vqu\.--‘ e Y
——— . S -v,bn,u DRt Viaknt T o M WA T CHAMNL e el e
- —— .- s e - P -
. T R K .
. v e Caa TR 'E'- Ay R R e Ay " -Q_'-,:;M\h B CpEhe e b ' FRETi
- . . R .. I 3o, . .

LOS AIBNNOS Lshemos NatioraiLaborato



An Affirmative Action/Equal Opportunity Employer

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.




LA-10111-MS

UC-34c
Issued: June 1984

Thermal Equilibrium Population
of the First Few Nuclear Excited States
(Ac, Th, Pa, U, Np, Pu, Am, Cm,
Bk, and Cf Isotopes)

G. D. Doolen
H. H. Hsu
C. L. Doolen*

i

il

il

*Second year student at Los Alamos High School, Los Alamos, New Mexico 87544

3 9338

I

L@S AU @m@) Los Alamos National Laboratory
Los Alamos,New Mexico 87545



ABOUT THIS REPORT
This official electronic version was created by scanning 
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



THERMAL EQUILIBRIUM POPULATION OF THE

FIRST FEW NUCLEAR EXCITED STATES ~

(Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, and Cf ISOTOPES)
by

G. D. Doolen, H. H. Hsu, and C. L. Doolen

ABSTRACT

The Boltzmann distributions of nuclear excited states are
plotted for most actinide isotopes for temperatures from 0 to
60 keV,

' ‘

When working with nuclear excited states, it is often useful to refer to plots of
thermal equilibrium populations as a function of material temperature. These
Boltzmann distribution plots are easily generated, and they are useful for understand-
ing nuclear behavior in high-temperature environments. Such plots for the actinides
form the main content of this report. Two subsequent reports are planned: one on the
lanthanides and the other on the remaining detector isotopes.

The plots contain the Boltzmann thermal equilibrium nuclear excited state popula-
tions. The fraction excited in state i, with excitation energy, E; , equals

(2J; + 1) exp (—Ei/kT)/ 2 (2], + 1) exp (—E./KT) ,

where k is the Boltzmann constant, T is the temperature, and J; is the nuclear spin of
the i state. The sum over n goes over those states included in each plot label.
Generally, states with excitation energies below 200 keV are included. The spins and
energy levels are from the most recent data available from the Nuclear Data Sheets' or
from the Table of Isotopes.?

Each of the 81 plots contains, as a function of temperature, the thermal equilibrium
total excited state fraction of an actinide isotope. The population of each excited state
is also plotted. The actinide isotopes plotted are shown in Fig. 1. A few isotopes are
included for which unknown spins were estimated from systematics. These spins are
followed by a ? in the plots.
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