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ABSTRACT
The effect of parity non—cdnserving nuclear force .is studied in a

180mH

deformed nucleus, £. The big nuclear structure factor of the 501 kev

80m . ‘
1 Hf enables one to observe a big

éamma fransition in the decay of
asymmetryvdf 1.5% at an average temperaﬁﬁre of 20 mK°. The nuciear strpcture
factbr'Can arise by various mechanisms. For example, small energy spacing
of the nucleaf levels with opposite parity will cause a large mixing between
them and/or the parity-allowed transition (in this case, M?).has an
aqpmalously small matrix element while the parity-forbidden transition (E2)
is notrhindered. .The low temperature necessary for produéing polarized
nuclei is achieved by adiabatic demagnetization of a chromium potassium,
sulfateéglycerin slurry which provides about iO mK® heat sink. The 180me
nucleus is polarized by a magnetic interaction of ité dipole'with the
hyperfine field it sees in a cubic ferromagﬁetic compound, ZrFez, at low
temperature.

The asymmetry is defined as the intensity ratio of the intensity

difference in 180° and 0° with respect to its nuclear polarization direction

‘to its average value:
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. W(180) - W(0) By * G3BsA,

w(18o) + w(o) - 1

G1B 383
+ G2B2A2 + G4B4A4

where Gk are determined from knowing the source-detector geometry; Bk are

evaluated from the anisotropy of the 444 keV gamma transition in l80me;

Ak are known from the transitions and the nuclear states involved; A2 and

4

an angular correlation experiment; A, and A_ are proportional to the parity

1 3

mixing ratio. So by measuring the asymmetry of the 501 keV gamma tfansition,

one can evaluate the parity mixing ratio. Taking the slow warm—up'of the

sample intoc account, we derive the parity mixing ratio as 0.0290(19).

A are independent of parity mixing and their values can be obtained from

‘o



INTRODUCTION

After C. S, Wu gE_gl,l succeeded in shoWingAthat parity is not
conserved in weak interactions which are responsible for nucléar beta
decay, searches for parity violation in strong and eieétromagnetic inter-
actions have been carried out. In a nucleus the constituent neutrons and
protons are bound together by strong and weak nuclear forces. All the |
experimentai evidence indicates that parity ié a good . quantum number.

Based on Feynmén and Gell-Mann's generalized theory of the weak
interactiqn (Universal Fermi Interaction, UFI),2 Blin—Stoyle3 estimated
the ratio F of the strength of the parity non-conserving force to that
of the parity conserving force to be of the 6rder 10_7.

Wilkinson4 was the first person to look intq possible experimentai
ways to observe parity-violating effects in nuclearvphysiés. These small

effects can be detected in two ways:

A. Search fér Violation of Absolute Seleqtion Rules

Cases exist in,which the tfansition probability between two nuclear
levels is étrictly zero 'if parity is conserved. If one ¢b$eryes any |
transition between these two levels, the observation will confirm parity
violation ‘and determing its magnitude. !

The experiments.have been carried out by alpha decay éf 20Ne and
160.5f12 Considef the 16O'alpha decay from the 2- state £o a 0O+ state of
12C. It is energeticallyvpossible; but the orbital angular momentum
carried away by an alpha particle (which has zero spin) must be L = 2, and
the corresponding parity_even. It folioWs that the-décay cannot take place
since‘a change of parity is required. Howevef, if fhere is admixed an

amplitudeiF of the 2+ state then the decay can take place through that

. . . . . 2
component of the wave function, with intensity proportional to F .



B. Searching for the Inﬁerferencé Term

Because all of the parity experiments in nuclear physics to date,
'in detecting the interference term, have looked ‘at the outgoing gamma
. radiation, we will restrict our discussion to such eXperimentg. The weak
interaction Hamiltonian which. gives rise to the parity non-conserving
potential (PNC potential) will give an asymmetry in the angular distribution
‘and a non-vanishing circular polarization.of outgoing gamma radiation. fhe
circular polarization can be detected from an unpolarized sourée; ‘Oﬁe can
measure the circular polarization, for example, by lqoking at tﬁé intensity
difference of gamma radiation scattered by a magnetized iron foil when the
magnetization direction is reversed. This method utilizes the fac£ that
thé-cross section of the compton scattering process is spin dependent; In
order to observe the asymmetry in the angular distributioh, one must

13,14,15 which

prepare polariéed"nuclei. There are several review articles
describe the detailed mechanisms behind the methods for polarizing nuclei.

Generally, these can be classified as follows:

1. Qynamic.Nuclear Polarization
So far only the following two methods have been applied in the

parity experiment:

a. Polarized neutron capture. Experiments based on this technique

o - 32 207 2. 16-20
have been carried out on ll3Cd, 107Ag, 115In, lH, S, Pb, H. :

. 2 ° . ) .
b. Polarization by optical pumping. O3Hg has been polarized by

optical pumping on this campus. Depolarization in high density samples
due to the resonance trapping of optical pumping light prevents observation

. ‘ 5
of the asymmetry from pumped 203Hg. L



2. Thermal Equilibrium Nuclear Orientation

The universal way in this method is to polariZe the nucleus in a

. ferromagnetic lattice at low temperature. The nuéleus in the ferromagnetic

: . : 22
site will see a hyperfine field 123

from its electrons which are polarized
through exchange interaction from its ferromagnetically ordered environment.
The most common hosts are Fe, Co, and Ni. But not every element is soluble

in these transition elements.  Hg and Hf, for example, are practically

insoluble in iron. Hyperfine fields of these two elements in an. iron

' iattice are found by ion implantation.

The hyperfine fields obtained by various methods have been
v ' 2
tabulated by T. A. Koster and D. A. Shirley._4

3. Angular Correlation

‘Angular correlation exists because of angular momentum. The second
radiation must correlate to the first radiation, which defines the
polarization direction in our case, to preserve the angular momentum
conservation. A general review can be found in Siegbahn's Alpha, Beta,

25
and Gamma-Ray Spectroscopy. There have been several attempts by angular
. . . . 6,27
correlation to study parity non-conservation in nuclear forces.
: . 181 .

The 482 keV gamma-ray from 5/2+ level in Ta is the most
extensively studied nuclear level both in experimental and theoretical
respects. Calculations based on models of various degrees of sophistication

28,29,30

are compared to the experimental results. At least every one

agrees the parity violation in this- level is small. The first big parity
159
violation effect was found in the 363 keV 5/2- level of ™. A

32 '
conflicting report appeared a year later by another group. In the same



180m

year Krane 25_25,33 investigated the 1142 keV 8- level of HE by low

temperature nuclear orientation in ZrFe They found the asymmetry of the

2
501 keV transition was in agreement with the previous circular polarization
34,35 36 . . . .
measurements. Kuphal did the circular polarization on the 501 keVv
L lSOm . .
transition from Hf again, and confirmed the same results. Our results
in several temperature regions are essentially the same as reported before.
The pafity mixing ratio of our result is 0.0290(19). The smallness of the

asymmetry in the PNC parity experiment prevents a detailed temperature

dependence study.



CHAPTER I
THEORY

I. Weak Interactions

Interactions so far discovered can be classified into four

categories:
Categories ' Relative Strength

1. Strong Interactions . o 1
2.  Electromagnetic Interactions ' ’10_2‘
i . : -13
3. Weak Interactions » 10

' . . , , -38
4. Gravitational Interactions _— 10

In the nuclear system, the contribution from the gravitational
iﬂteractiens ean be ignored as shown clearly from its strength. " The
symmetry properties under CET and some conservation law are listed in
the following'table. From this table we know‘that if is generally accepted
that Both sfrength_and electrdmagnegic interactions have conserved charge
conjugation; parity,.and time reversal. Conservation of charge eonjugation
means the syetem is symmetric wifh respect te interchanging particles.and
anti-particles., Conservaeion of parity means the system is symmetric with
respeet to interchanging_positive space coordinates inte negative space
coerdinates. ,Conservation.of time ;eeerselvmeans_the_system isiSymmetric
with respect to interchanging the direction of the time_fiow.v.

._The famous beta asymmetry froﬁ polarized 60Co experiment of Cc. s.
Wu gg_égfl showed thet both C and P are maximally violeted in beta decay.

CP nonconservation in K2°37 decay showed that T may be_violated, if the

" CPT theorem is true.



Table of the Symmetry Properties of Fundamental Interactions

c o T  CHARGE ILEPTON NO. ANGULAR MOMENTUM BARYON NO.
CONSERVATIONS CONSERVATION - CONSERVATION CONSERVATION
STRONG INTERACTIONS YES YES YES YES  NOT APPLICABLE 'YES _ YES
ELECTROMAGNETIC : : ’
INTERACTIONS. YES YES . YES - . YES | YES - YES YES

WEAK INTERACTIONS NO NO NO YES YES . YES YES



g

" form:

The theory of weak interactions was first described in terms of
. , .38 L . .
the products of vector current by Fermi  before parity violation in weak
interactions was discovered. Sudarsham, Marshak, and Feynman, Gell-Mann
.39 . » . | |
and Sakurai ~ included the axial vector current into the current known as
the Universal Weak Interaction or Universal Fermi Interaction (UFI}. The
bésic idea is that the weak interaction can be described in texms of the
interactions of currents as a Quantum Electrodynamic theory (QED).
The validity of this theory has been under intensive experimental

tests by various méthods. A vivid account of this history was given by

: . L .4
C. S. Wu's lecture in Proceeding of International School of Physics. 0

The weak interaction Hamiltonian Hw is taken to be of the current-current

. fom:-,: ’ | ) S . | ) . » .
H, = - S (5,0%) +
2/2 :
IRCPRN (Y
where J(l) is the leptonic current. ,J(l) in weak interactions usually

stands for a charged current. The recent discovery of neutral currents in
41,42 . _ . . . -
NAL and CERN may stimulate further theoretical studies on the current

formulation. { } + is an anticommutator. J is the hermitian conjugate

of the current J. In the conventional vector-axial vector (V-A) current

n _= oo : 1 s
; - wl Yl(l + YS) w\“’) : .1 1121314



where wl is a creation operator'of leptons. Y is a Dirac spinor.
Y_=1i - Yl -‘Y2 . Y3 . Y4 . wg is an annihilation operator of antineutrinos.

Take muon decay for example:

lepton no. 11 -1 1

baryon no. 0 0 0 o

-
I

G —_ .
AR A R AN

2/2 v

- ) - (wg . Yi(l + y5) . wu+) - h.c.

where the neutrino is a neutral 1epton and electrons and muons are charged

L . 1) . ' : ‘
leptons. It is clear that J( ) is composed only of charged currents. Since
the discovery of neutral curfents, it is the author's opinion that one

shoqld look at J(h) more carefully than does the conventional model, in .

(h)

: which oné'assumes the form of hadronic cufrent, J ; to be like the_fqrm
.of leptonic current with appropriate coefficiént (usually in terms of
Cabibbo's angle). The details of its form will be presented in the next
section. For the reader's convenience the Y matrices énd interactions in
terms of dimensi@nal interactibns, i.e., scalar, vector, ..., are providéd

in Appendix I.

IT. The PafityﬁNon-Conserving Nuclear Force

. The parity non-conserving nuclear force’ (PNC nuclear force) can be
derived from the Universal Fermi Interactions (UFI). 1In order to obtain
the PNC nucleon-nucleon potential, one needs only to consider the hadronic

currents,

T
H
l




ds=0 ds=1 L N
J(h) = a ° J( ) +'b--,J( S } + higher order terms
(ds=0) . L ' .
where J " 'is the hadronic current with no strangeness changing,
- _(ds=1) ., : . o . . L. '
J is the hadronic current with transferring 1 unit of strangeness

from reactants to products, and the corresponding Hamiltonian:

2 {J(ds=0), J(ds=O)+} 2 {J(ds=l)' J(ds=l)+}

+ Db + ...
W . + )

+

Because nucleon—nucieon scattering (interaction) will not change
the strangeness, all.the_mixing terms between the hadronié currents will
not cqntFibuté to the PNC weak interactions Hamiltoniaﬁ but will contribute
to the hadronic decay. The main problém for the theoretical calculations
on this'potential is due to the lack of knowledge:of the current. The most
widely ﬁsed current is based on the original ideal:of Cabibbo43
(Conventional model) . lIn the conventionalvmodel, the relative contribution
of étrangeness changing current to strangéness non-changing cdrrent is
' expresséd in terms of tanB, with 6 = 0.239, where 6 is'thé Cabibbo angle.
The'ﬁadronic curreht is then given in terms of V-A form like the leptonic

current.

(h) 5 (ds=0) S(as=1)

J = cosb + sinf -

J(ds=O) =‘V(ds=0) A(ds=0)

+

g(@s=D) _ ylds=1) , , (&s=D)

where V,A are vector and axial vector currents and belong to the SU(3)

octet. As we mentioned in the section on weak interactions the implication
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of recently discovered neutral currents has not yet beeg explorea by
theoretical cglculatidn. Besides this complication, additional difficulties
arise from thé inability to obtain precise estimates of many-body .
conﬁributions. The reason why most PNC'expériments undertaken so far are
in the heavy nuclear region is fhat one hopes the richness of nuclear
levels (stétes) in this region will offer some o?portunities to observe a
huge nuciear structure factor. The nuclear structure factor is defined
as the ratio of irregular (parity violating) transitions to regular
(périt& éonserving) transitions. It is known in thisbregion-that many
regular transitions are hindered from the selection.rule; dne hopes that
in these kinds of transitions .the irregular transitions will not be |

ihindered.

IITI. The Nuclear Structure Factor
The nuclear structure factor is important in foday'siPNC

experiments. The.smallness of éhe PNC force.compared t9 the PC (parity
‘conserving) strong force requires an accuracy of the.measurement which is
beyond preseht—day technology. Blin—Stoyle3 and Michel based on a simple
model (single particle) with charged currents estimatéd the amplitude of
‘PﬁC to PC to. be order of 10—7. Taking this as an order of magnitude and
disregarding ‘the mechanism of PNC potential, one can describe the nuclear

system as:

.

H H® + H
w

b=V +F -9
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where H° is the regular strong nucleon-nucleon Hamiltonian, H is PNC
. P
weak potential. Because Hw is much smaller than H°, one can use perturbation

theory to estimate the effect. For the first order perturbation:

AN

l<u{l|HIw2>|2 = [ e lmofv,o>]? v p - Uewpol o1 T<w,e lue v, o>
+ <o lu fu,o> - [<u e mefy o> )+ L.

we have

,<l'bl‘°|Hw.Iq)2>l + |%¢llerw23>! = F « R
TR T, =

|irregular transition] _
|regular  transition|

Experimentally,-one can obtain.the qﬁantities which are proporﬁional
to the product, F - R. So if one can get a small déhominator, i.e., for
soﬁg méchanism in which the regular matrix element is‘expected to be sﬁall,
bu£ not reduce'the numérator for this mechanism, then one gets a ;arge R.
This will enhaﬁce the sensitivity of the experiment by a factor df‘R.A R
can.bé‘as large as lO5 or as‘small as 10. |

IV. The Theory of Nuclear Polarization at Low Temperature

Because we. are looking for parity violatidn, it is essential to
pqlarize thé nuéleus, which will eﬁéble one to observe the asymmetry in
aﬁgular distribution of ﬁhe outgoing radiation. We use the fefminology
as giQen in Ref. 14. The method'wé use to polarize the nucléus is a-

combination of high magnetic field and ultra-low temperature to orient the

nucleus ‘through its nuclear dipole moment. The high magnetic field is

provided by the magnetic hyperfine field from a ferrcmagnetic environment.
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bﬁe to core polarization and conduction electron polarization the non-
férromagnetic nucleus in ferromagnetic environment can see a hyperfine
field up to hundreds of kilogauss.  The low temperature is achieved by
adiabetic demagnetization of a paramagnetic salt. In this experiment we
use a chromium potassium sulfate-glycerin slurry which has a relatiyelyv
;arge heat capacity at low temperatures. The system we have proQidesvabqut
10 vahéat éink, starting from an initial magnéticvfield of 50 kilogauss
and a temperature of 1 K.

The ahgular distribution of outgoing gamma radiation_éan be expressed

in general as:

W) = i B, - G, - U - A - Pk(cose)

where B ’ the orientation parameter, is a function of temperature and of the

k

orienting interaction, and tells you the population,of m states. Gk is

the solid angle.correctibn which depends on the geometry of the source and

. crystal shape of the detector and the distance between them. It also .

depends weakly on the gamma eneréy. U, is a reorientation parameter which

k
indicétes the loss.of orientation befofe the ‘gamma~-ray of interest is
emitted. Pk(cosﬁ)’is a Legendre polyhomial, and 6 is the angle bgtwéen the
incident radiation (the direction of the'outgéing gamma-ray) and the
poiarization axis of the nucleus. Ak'is the angula; distribution parameter.

It is usually expressed in terms of Fk coefficients which have been

. . 4
tabulated by Ferentz and Rosenzweig. 4 For k even
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LLI I, + -8 - F (LL'
Fk( 1.1, 2 | Fk( L'T

‘Ak = AR 2

1+6

2
I.) + &8° - L'L
£ i) Fk(L L IfIi)

lpemelis >
<1f L'l Ii

S = FTIL TS
f 1
"For k odd
=2 € tF (L1 _1,) + 6 - F_(LL'I_I.)]
Ay L+462 kK £ TR £i
<z IT 1l
- <If LI Ii>

<If“L i H1i>

wﬁere thé_F are functions of the multipolarity L and the nuclear spin of

k
the initial and the final states. L' denotes that there is a mixed
transition. ¢ is the mixing ratio for this mixed transition. € is the

parity mixing'ratio which we want to evaluate from our experimental results.

iAmeans that this L angular momentum is carried by an irregular transition.

V. Results of Theoretical Computations
The comparison with the detailed mesonic contributions to the

45,46 is omitted. It is author's opinion that

effect on PNC experiments
the lack of understanding of the contribution from many-body effects and
the implication of neutral currents makes the. comparison too dubious. For
this reason in this section only the asymmetry of thé‘501 keV and the

. ‘ . 180m L '
anisotropy of 444 keV gamma transition of =~ Hf at various temperatures

are computed. The detailed data used from the literature and the results

are listed in»Appendix IT.
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The maximum k we used is 4; for the higher k's, B, are small.

k
asymmetry, a, is defined as:
' ' -2 + G.
_, W(180°) - W(0°) _ (G)B1A; * G3B3hs) )
- o ) - . e -
w(180°) + W(0°) 1+ G282A2 + G4B4A4

Ul = 02 = U3 = U4 =1, for 501 kev

Figure 1 shows the results of this calculation: Asymmetry vs. € at different

temperatures.

The
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Fig. 1. Asymmetry of the 501 keV gamma-ray vs. parity mixing ratio at

different temperature.
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CHAPTER II
EXPERTMENTAL APPARATUS

I. Low Temperature Facilities

A. The Cryostat (Fig. 2)

The cryostat is a “can" with 4 inch 0.D., 12 inches long with 35
mil (one thousandth of inch) wall which is attached to a 1‘1/2 inch 0.D.
pumping line at th¢ upper end ahd to a 1/2 inch 0.D. tube (10 mil-wall) which
is 7 inches long at the lower end.b All the joints afe either Heliarc
welded or sealed by indium "O" rings. |

B. The.Magnets

1. The cooling magnet. The coil constant of the cooling’magnet

is 499 Gauss/Amp. Its critical current at 4.2 K is about 142 amperes.

The length Qf the magnet is 12 inches. A detailed description'of the
. Y

magnet is in Sammy Hung's thesis.

2. The polarizing magnet (Fig. 3). The polarizing magnet consists

of two pairs of perpendicularly oriented superéonducing Helmholtz coils.
' The 45 mils 0.D. Nb-Ti superconducting wire is wound on the fiberglass
coil form, which is designed to fit into the 1 K° bath. The outer coil

has 1044 turns with 29 layers and a coil constant of 225 gauss/amp. - The

inner coil has 1428 turns with 17 layers and a coil constant of 233 gauss/amp.

3. The polarizing magnet holder (Figs. 2 and 3). The holder is
designed to prevenf the magnet from moVingbduring the expefimeﬁt. It |
consists of-one fixed plate with 4 holeé at the bottom of a cylinder and
a moving plate which can be tightened to the bottom of the “"can" by four

bolts. Four rods coming from the polarizing magnet go into the four holes
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Fig. 2. Crybstat with polarizing magnet.
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Fig. 3. Detail of polarizing magnet.
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of the fixed plate.' The height of the'magnet can be adjusted through
positioning:the'nuts which sit one below and one above the plate for each
rod.

C. The Control Units and Power Supply for Magnets

All the power supplies are A.C. rectified’D.C. current suﬁplies;
fhé cobling magnet power supply 1is capable of giVihg 400 améeresf |
(LBLV13X 1420—51 to 13X 1420-83) and is controiled by an A.C. motor with
gear box reduction. The cdﬁtrol units for the polarizing magnet are
illustrated schematically in Fig. 4. . The ramp generator produces a linear
ramp and can produce both éositi§e and hegétive.polarities éf 12 volts.
The amplifier has a sensitivify of 3 ampéres/volt. Two outputé from the
: amplifier‘can be controlled either to be 90 degrees out of phase or 180
.degree§ out.of Qhase by the rémp genérator. The magnetic field from the

polarizing magnet can be rotated through every 90 degrées or 180 degrees.

b. The éalt Pill (FigT 5)

The salt pili’cdnfiguration is shown in Fig.vs, Two guard pills
are used. dne sits above the:central pill which serves as the cooiiﬁg
reservoir. This upper guard pill>has a pump-out line coming frbm the
bottom of it and going out from its sides. The can of-the central pill
is made out of mylar. The heat shield from the upper guérd pill to the
"top of -the lower guard pill is'madeIOUt oficopper foil overlapped with a
mylar strip to lessen the eddy currénﬁ heating.  The . lower guard pill.sits
on the fiberglass plate through 3 graphite ?ods, which serve as thermalv
insulators. The heat shield from lower guard pili is éxtended all the way

down to about one inch above the sample location. The central pill, the
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Fig. 4. Schematic of power supply with-cohtrol unit for polarizing magnet.
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heart of the cooling apparatus, is protected by both upper and lowervguard
pills and their heat shields. The copper fin in the central pill consists
of 16 sheets of five mil copper foil.

IT. Sample Preparation

Hf is a very brittle and hard alloy. It is prepared in

o.1zro’.9Fez |
an arc furnace in an argon atmosphere. The starting materials used in
preparing this compOﬁnd ére obtained from the following sources:
Iron (Fe) 99;99% |

Alfa Inorganics, Ventron

Beverly, Massachusetts
Zirconium (Z2r) 99.99%

For tﬁe particular way in which we prepare the sample, one must
use the highest_purity Zirconium available. Random pieces are alright.
The high purity rod did not prove to be good.

Research Organic/Inorganic Chemical Corp.‘

11686 Sheldon St., Sun Valley, Calif. 91352
Hafnium (Hf) Enriched Isotope 86.98% 179Hf

Oak Ridge National Léboratory

Oak Riagé, Tennessee 37830

All the starting materials, except enriéhed 179Hf, are melted into
an ingot first. Stoichiometric ratios of Zr and Eg of ZrFe2 are put
together in the arc furnaée and melted at the lowest current setting. After
it melts'together the arc current.is increased and held at this higher

setting for at least 5 minutes until it is thoroughly mixed. . The resulting

ingot is turned over and remelted several times to insure that the compound
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is homogeneous. All the ingots coming out of the arc furnace are chemically

etched. The Hf Fe, compound is melted in the stoichiometric ratio

0.1%%0.9%%2

of 0.1 Hf, 0.1 Fe, and 0.9 ZrFez. The first arc strikes on these materials
arebvery eriticel:. It must be a low arc current and a slow approach.
Because ZrFe2 is brittle, too muen thermal strain on it will tear it apart.
The resulting.ingot is turned over_and remelted several times. Part of the
ingot is crushed into powder and analyzed by the x;rayvaWder diffraction
technique. The.sensitivity of x-rays insures there is at most 10% of any
ether phase which might be coekistent; The rest ef the compound is spark-
cut into_fhin disks. The resulting disks are mechanically polished down

to 25-34 mils thickness, with a netallic shining surfece. The 0.D. of the
disks range from 275 to 195 mils.

Three different methods of sample preparation are employed. The
first method checks for the influence of imperfection ef tne crystal. The
compound after arc furnace melting is subjected to at least 12 hours of low
temperature annealing. The annealing temperature is abont 750°C, The
second method of sample preparation checke for the radiation damage from
thermal nentron'capture. The reaction 179Hf (neutron, gamma) 18ome, will
releese an energy of abeut 7 MeV. In ordef to avoid the direct consequence
of this energy, one prepares the sample after ene obtains the acnivity.

The third method, of conrse, is the simplest one.  One prepares the compound
by using stable isotopes, then one spark-cuts the semple into a thin disk
and polishes its surface. The resulting disk is_then sealed into quartz

tubing in an Ar atmosphere and is ready for neutron radiation. Within the

experimental error we can not find any different results by these three

different ways ofvsample preparation.
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IITI. Detectors and Data Acquisition System

v Either two detectors at 180° to each other or four detectors at
90° apart are used t§ collect the data.v The pulse comes out from the
detector "front—end">and is amplifigd in the Preamp (llX, 5561-P1), and
then goes to the high-rate linear_amplifier (11%, 5501—P15'which is pole
zero compensated. .The slow pulse from the high—rate:linear amplifier
‘(HRLA) is used for energy discrimination, while the fast pulée from HRLA
is used for pile-up rejection. The éile—up rejector (11X, 5551-P1l) rejects
the pile-up events and slpw rise pulses which occur when‘gamma rays of
interest are absorbed outside the active volume resulting in partial charge
coliection. The energy discriminationvis done by singlé channel analyzers
(sca, 11X, SSlO-Pl), which need a strobe éulse;-wefuse the fast pulse
coming out from tﬁe pile-up rejector. After the energy discrimination
and pile-up rejeétion; the resulting pulse are fed into a rputer
(11X, 7370-Pl), which separates thé individuai pulses»of different déﬁectors
or different energy regions in time. This resulting pﬁlSe then feeds into
an analég to digital convertor (ADC, 11X, 4680) and is processed by a émall

camputer, PDP-7. The block diagram of the two detector and four detector

systems are illustrated in Fig. 6 and Fig. 7.
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Fig. 6. Electronic block diagram for four detector system,
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CHAPTER III
_EXPERIMENTAL BACKGROUND
In order to be able to do the lo& temperature PNC périty experiment,
some bésic thsiéal knowledgé about the system . of investigation must be
known. These basi¢ physical gquantities are the nuclear magnetic moment'of
the state which is going‘to be‘orientea,‘the Hyperfine field which the
ﬁucleus sees, the tempefatuie that the sample will ha&e after.adiabafié
Vdémagnetizafion and the,épih'and parity of the étates from which one observes
the gamma radiation. The following sections list these basié quantities
with some comments. |

I. Nuclear Structure of lSOme

: 18 ’
The voninucleus has' 72 protons and 108 neutrons. It is a deformed

:nucleus. The 8- isomeéric state belongs to a K = 8 rétational band. The
.nucleérvmagnetic mpmen; of thev8- state can be estimated roﬁghly from-thé
systemétic‘étudy on its.heighboring.nuclei. Thevaﬁthor appreciates the
pfivéte communiéation with Dr. E. A. PhilipAfor revealiné this facﬁ. Figure

8 shows the systematic study of 106 neutrons and 72 protbns in the.

l8OmH .48,49

f From this study it is clear that the 8- state

neighborhood of
180 . . . :

of Hf is mostly a two proton state. The contribution from a pure two

proton state or two neutron state can be evaluated from its ﬁeighboring

nuclei. We can compute the nuclear magnetic'moment of the two neutron state

| 177, ' 179
from the Hf ground state (g.s.) I.= 7/2, 7/2-(514), and the Hf (g.s.)
I =9/2, 9/2+(624).50 Here 7/2 and 9/2 are nuclear spins;_the sign'after

these values are parity values of the states and ( ) are Nilsson gquantum

numbers. The magnetic moment for these states are 0.61 nuclear magneton
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(n.m.) fer 7/25(514) state, ané -0.47 n.m. fef the 9/2+(624),51 F?om these
we estimate the eentribution from e two neutroh state to be less than

0.1 n.m. We can ccméute the nuclear magnetic moment of the two proton
state from 181Ta(g.s.) and 6.3 keV state as-7/2+(404), and 9/2-(514),
respectively. The maghetic moments are42.35.n.m. for the 7/2+(404) state

and 5.29 n.m. for the 9/2-(514)-52'53

Fram the systematic study we choose
. - . 180m . . .
the magnetic moment of Hf as 8.2 n.m. Our estimate is actually
confirmed by the later experiment'of Korner EE.EL"54 From. their Mossbauer
‘spectrum of the 2+ ground state of the rotational band, whose gyromagnetic
ratio is known from angular correlation results,55 they -deduced the hyperfine
field of Hf in Hfo_er0 9Fe2 to be -200*20KG. Using the results from

33 . . s .
Krane et al., the magnetic hyperfine splitting, they confirm the nuclear
magnetic moment of the 8- state as 8.6 n.m. and conclude that it is a very

pure two proton state. More detail is listed in Appendix IV.

CII. Magnetic Hyperfine Splitting of Hf in ZrFe2

The hyperfine field of Hf in'ZrFe2 at two different concentrations

are reported by Mossbauer effect.

Concentration Transition Gyromagnetic ratio H in KG "Temperature
D+ > . PR Y
HfO.SZrO-SFe2 2+ > 0+ | 'O 31 ‘ 220 R.T
' > ' : £20 oK
Hfo'erO.gFe2 | 2fx o+ i , 0.263 200£20 | - 4.2°K

Conéidering the possibility of stfucture'variation due to .high concentrations

ef Hf 20% hyperfine field variation on top of 10% experimental

0.5%%0.5F¢"
accuracy might be expected. So at least one can say the temperature

dependence of.ﬁhe hyperfine field of Hf in Z'rFe2 from roOm'temperature'to

'

low_temperatﬁres is not large. From the general behavior of magnetization
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of ferromagnetic material with respect to temperature, it is very reasonable

is 364°C. The value

to expect this result. The Curie point of pure ZrFe,

of the magnetic hyperfine splitting of 7.9 mK is adopted to compare our

experimental results.

III. Thermometry

The temperature of the sample is determined by 60Co thermometry

and/or internal thermometry of the 444 keV gamma radiation from l80me.

A. 60Co Thermometry

S 60 . . I .
l. Sample preparation. Co in 1IN HC1 solution was introduced into

a 99.99% pﬁre iron foil. The foil was dried on .a hot plate under a nitrogen
gas stream. The>resulting ingot was pressed into a thin disk, fhen annealed
and repressed into a thinner disk, then rolled into a thin foil. The
resultihg foil was annealed under a hydrogen gas stream at 750°C for 12
hours. |

2. Nuclear data of 60Co. The nuclear magnetic moment of the

! 5+(g.s.). of §0C9 i§.3,754-n,m};flts‘decay schéme is.shown ip Fig. 9, Its
major decay mode (99%) is 5+(beta)4+.‘ Sammy Hung47 reinvestigated the.
asymmetry of this decay‘and confirmed that it is a pure Gamow-Teller
transition wiﬁhin his experimental error.

. . . . 60 ) . .
3. Angular distribution function of Co. The angular distribution

of the 1.17 MeV and 1,33 MeV gamma transition in the decay of 60Co are the

same. Both are pure E2 and can be described as:

B4P4(qose)

W(B) =1 - O.42056G2B2P2(cose) - O.24280G4

i

. where Gk and Bk are solid angle corrections and orientation paraméters,

respectively.-
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Fig. 9. Partial decay scheme of 6 co.
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4. Hyperfine field of Co in iron. The hyperfine field of 60Co in

Fe is -287.7 KG.24 Tﬁis'value is.confirmed by John A. Barclay.-57 He used
NMRON on 60Coin an iron single crystal. The single crystal was used due
to inhomogeneous broadening consideratiqns. The result of éalculations on
the angular.distribution fuﬁctioh at 0° and 90° from 10 mK to 100 mK is

listed in Appendix III.

B. 444 keV Internal Thermometry

The Uk coefficients are evaluated under the assumption that the 8-
isomeric state to 8+, 57 keV transition, is pure El. The.degree of mixing
from thé other multipolarities was investigated by Krane gE_§l358 They
found that the mixing ratios are small. Their results are;

(M2/E1) = -0,009*0.07, (E3/El) = =-0.013%0.02. The angular distribution

function will be described as:

w(g) =1 - O.-3654G2B2P2(cose) - 0.1487G4B4P4(cose) |

The result of calculations with this'angular distribution function is

listed in Appendix II.
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CHAPTER IV
RESULTS AND DISCUSSION

I. Results

A. Homogeneity of the Sample
- Failure to obtain via nuclear orientation the bigvnet hyperfine

field previously found for Hf in an iron>2700

lattice when using 0.1-0.01
atomic percent of Hf in iron has forced the author to examine the homogeneity

of the sample, Hf

o 1Zr0 gFe,- The possibility of mixing some other phase

like ZrFe3,‘Z£2Fe'in the ZrFe2 lattice was investigated by x;ray powdgr
diffraction. A typicai X-ray spectrum is shown in'Fig. 10. 1In this‘sﬁudy
the CuKo x-ray wasvused. The angles range from i5° to 30° or from 3.01 A
"to 1.50 a, reépectively. X-ray data of these intermediate{phases are listed
in Table I, where s,w,m mean strong; weak, and medium_and VW,mw,ms mean

very weak) medium weak, and medium strong, respectively. The signal to noise
- ratio from Figqg. iO ensures that other phases can hot exist as more'than

108 of tﬁé total sample, and shéhs the major phasé:is ZrFe2 in the face
center cubic (F.C.C.) structure. The results of HE in iron (Hf(Fe)) are not
presented in. this thesisf The smallness of the aﬁisbtropy of our experiﬁent
from the 444 keV gamma transition indicates that it is hopeless to do parity
experiments on the Hf(Fe), in the way we prepared it. Further investigation
’ on this system might be undertakén in this 1abbratory'by 180me ién
iﬁplantation into a thin disk of an iron single crystal. The dosage and
incident beém energy should be vafied to optimize the results. Generai

remarks on" the ion implantation technique can be found in Deutch's

review article.
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The'x—ray powder spectrum of Hfo.ero.gFez.




-35-

d-Spacings and Intensities

. Table I.
2r Fe6l' ZrFe261 ZrFe 62

a I a I d I
2.80 m 2.49 - 43 2.936 5
2.75 w 2.13 100 2.681 £ 20
2.63 mw 2.03 30 2.384° 50
2.58 ms 1.62 w 2.249 100
2.55 w 1.44 22 2.070 100
2.50 ms 1.36 30 1.977 20
$2.47 w 1.25 30 1.951 20
2.38 ms 1.25 130 1.853 5
2.35 s 1.19 w 1.786 10
2.21 w 1.12 27 1.766 10
2.16 ms 1.635 20
2.09 v 1.620 20
1.69 W 1.521 20
1.66 w 1.427 50
1.44 w 1.376 100
1.40 w 1.350 80
1.284 50

1.275 50

1.225 20

1.193 80

1.175 100
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B. Activity
The sample weight ranged from 38 mg to 200 mg; using vafious
neutron irradiation times the approximate resultant activity was 20

microcuries from 18ome. The relative activity of l80me and lSle from

either natural hafnium or enriched 86.98% 179Hf is compafed in Fig. 11 and
Fig. 12. The advantage>of using enriched isotopes is profound as shown
in Fig. 11, especially for long irradiation times. The difference in the

181 . ' s L . .
Hf) is very critical in impurity studies as

- . 180m
activity ratio ( Hf vs.
in our case of Hf(Fe) which needed a long irradiation time to obtain enough
activity. Table II lists the count rate of 444 keV gamma transition at the

beginning of and at the end of some experiments.

C. Linearity of Spectra

The linear relationship in energy versus channel number held both
at low and high count rates. By low count rate we mean count rates about

200 cts/sec(0.2KC), and'high count rates, 2000 cts/sec(2KC); both refer to

the 444 keV peak at the analyzer. But this is no longer true in efficiency"

versus count rate. The efficiency is decreased as the count rate is

. : 180m
increased. Taking the spectra of Hf at room temperature in the same
source-detector geémetry as thé real parity experiment for endugh time -to
cover the whole range of counting situations reveals this fact. The effect
of this "electronic blockage" is clearly shown in Fig. 13 and Fig. 14 for
Det. 1 and Det. 2, respectively. The solid line in both figures are theo-
retical lines which are an extrapolation from the last six low count rate

experimental points. The half life of 5.5 hours and good behavior of the

'detectors;at low count rates are assumed.
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~Table II. Orientation and Counting Rate of Detectors

Det. No.

Date Distance At the Beginning At the End
(cm) Orientation c¢ts/12 mins. cts/12 mins
1 21.6 270 3.5 x 10° §.1 x 10°
2. 20,1 0 1.7 6.3
6/4/73 .
3 - 10.2 90 2.8 7.3
4 11.4 180 A _ 7.8
1 19.7 90 4.6 x 107 7.1 x 10°
2 5.1 180 4.7 1.3 x 10*
6/5/73 | )
' 3 9.7 0 4.1 2.4 x 10°
4 10.8 270 . 5.5
1 29.5 180 1.4 x 10° 6.4 x 10°
2 10.8 270 3.5 1.2 ,105
6/20/73
3 11.5 20 3.1 1.2
4 13.4 0 1.4 7.6 104
1 27.1 276 2.9 x 10° 6.4 x 107
| 2 9.6 180 2.8 1.1 x 10°
6/29/73 _
| 3 11.9 0 2.6
4 13.5 90 3.3 6.0 x 107
1 17.1 270 1.8 x 10° 1. 10%
10/2/73 | |
2 9.1 90 8.9 x 107 7.3 x 10°
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.fig. 13, Thé eleétrcnic bloékage of detectqr 1

The solid line is normal behavior decay curve based on the low

counting region, while the points are experimental data.
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Fig. 14. The electronic blockage of detector 2.
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Det. 1 is a high'résolution and high efficienéy detector, while
Det. 2 is a high resolution and medium efficiency detector. Although‘both
have 40 cc of active volume, today's detector technology is still not able
to repfoduce»the exact qua;ity. Thé fact that saturation occurs at 0;7 KC
in Det. 2 while Det. 1 still behaves fine indicateé thét this anomalous
behavior is a detector dependent phenomenon. .For this reason the
indepehdent correction factors aré applied for each detéctor in the data
‘analysis. The correction factors are 1isted'in Table ITII.

D. Background Subtraction

Linear background subtraction is used throughout the whole aata
analysis. The geherél procedure is as follows:

1) Select two markers in front of the peak which is under integration
as mérker_i and marker 2.

2) Select énother two markers on the other side of the peak as marker 5
and marker 6.

3) Select two markers on either sidé of the photopeak's base line. The
1ow—énergy marker is chosen low enough in energy_to allow the
broadening of the peak due to pile-up evehts and slow rising éulses
at high counting rate.

The spectra at thg beginning of tﬁe experiment andvat:the end of
thé experiment are shown in Fig. 15 and Fig. 16, respecfively. The
broadening of thé 444 keV photopeak is clearly shown by coﬁparing these
two figures inrthe low. energy end. Figure 17 illustrates thé.ébove
mentioned background subfraction. Only the backgrounds of. the 444 kev

and the 501 keV peaks are shown for clarity. Where
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. Uncorrected Faéfor Uncorrected Pactor Uncorrected Factbr Factor
Counts/12 mins _ Counts/12 mins Counts/12 mins Counts/12 mins .
( 500000.00. 1.518 - -400000.00 1.830 370000.00 2.50 350000.00 2.17
450000.00 1.448 1 350000.00 1.600 360000.00 2.30 340000.00 -2.04
400000.00 1.372 300000.00 1.443 350000.00 2.17 300000.00 1.72
300000.00 - 1.281 200000.00 1.243 340000.00 2.04 250000.00 1.47
200000.00 1.190 100000.00 1.108 300000.00 1.72. 200000.00 1.34
<'100000.00 1.095 . 90000.00 1.096 250000.00 1.47 150000.00 1.24
90000.00 1.090 " 80000.00 1.085 200000.00 1.34 100000.00 1.16
80000.00 1.084 70000.00 1.071 150000.00 1.24 90000.00 1.14
70000.00 1.074 60000.00 1.060 100000.00 1.16 80000.00 1.12
60000, 00 1.064 50000.00 1.049 90000.00 1.14 70000.00 1.10
50000.00 1.058 40000.00 1.035 80000.00 1.12 60000.00 -1.08
\ 40000.00 1.045 30000.00 1.025 70000.00 1.10 50000.00 1.075
60000.00 1.43 50000.00 1.50 45000.00 1.880 38000.00° 1.58
50000.00 1.336 45000.00 1.405 40000.00 1.670 35000.00 . 1.47
40000.00 1.273 40000.00 1.333 38000.00 1.580 30000.00 1.325
30000.00 1.205 30000.00 1.238 35000.00 1.470 28000.00 1.300
20000.00 1.138 20000.00- 1.150 30000.00 1.325 25000.00 1.250
10000.00 1.075 10000.00 1.095 28000.00 1.300 20000.00 1.208
9000.00 1.069 9000.00 1.089 25000.00 1.250 15000.00 1.140
8000.00 21,063 8000.00 1.083 20000.00 1.208 10000.00 1.128
7000.00 1.057 7000.00 1.077 15000.00 1.140 2000.00 1.090
-1 6000.00 1.050 6000.00 1.070 10000.00- 1.128 8000.00 1.080
5000.00 .- 1.044 5000.00 1.065 9000.00 1.090 7000.00 1.070
4000.00 1.038 4000.00 1.059 8000.00 1.080 6000.00 1.060

Table III. The Correction Factor for Each Détécfér

Uncorrected

—Ev_
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' channel no. 178(408) as marker 1(5)
channel no. 218(468) as marker 2(6)
X on channel no. 198(438) as the weigh average between

marker 1(5) and marker 2(6)

channel no. 285 © " as marker 3, where integration starts
channel no. 357 . as marker 4, where integration stops

area B : as background
The straight line is drawn through two X. 'The area under this line between
marker 3 and marker 4 is taken as background.

“E. Data Handling

About one to two thousand spectra are written on'IﬁM tape. Each
spectrum hés two records. The first record serves as identifigr (ID). The
éecona record stores the gamma=-ray spectrum from GeiLi).detectorvand displays
Vit into 1024 channels spectrum. The first two channels are the live time:
of:the,énalQZer. Figure 18 shows the portion of these 1024 channels gammé—
ray spectrum for two different magnetic field directions.

The program called SUMPAR was written to handle the:photopeak area
intégiation. The background correction is mentioned in Section D. SUMPAR
does the following things: |
1) Reads in thé'markérs as input.aata
_2) Readslthe first fecordland ignores it
3) Reads the second record and:identifies_the data_pointS‘to IDATA
4) Analyses the photppeaks by ﬁsiné the input markers
5) Normalizes the photopeak'with respect to the live time of»the analyzer.
- 6) Repeats tﬁe stép 2 to 5 until’thé end of the experiment.

7) Prints out the information
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SUMPAR gives the ‘area of the photopeaks with linear background
subtraction. This basic inforﬁation is then fed into another two programs
ANIS501 and PARITY to evaluate the anisotropies of 444 kev gamma transition
or-6oCo gamma transitiéns and the asymmetries Qf.SOL kev gamma transition.
The'bagic.information froﬁ SUMPAR'is inspected. The optimdm éombination
of_fhe spectra under the same magnetic condition is chosen. For tﬁis reason
alone total:automatic data aﬁalysis is not attempted. An example of the
output éf SUMPAﬁ is presénted on the following page.

F. 'Data Analysis

1. Error analysis. We use the fundamental formula of the propagation

of érro;s{
o£ = [(%5— 2. 012 4.(35_ 2 ; 022 . s (gg_oz._.énz]l/?
1 2 Y
where
9, = 11/2 r 0y = le/2 b oees O = xnl/2

In the case of anisotropy of thermometers we have:

_ W(90) - W(0)
W(90) + wW(0)

o 4 -'/QW(90) < W(0)/(W(90) + w(O))3

£

For the témperature average of parity data (asymmetry) we simply use:

f = (x, + x

1 5 + ...+ xn)/n

2 2 L+ G 2)1/2

1 2 : n /n

Q
i
a
+
Q
+
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446KEV

355599.48
213384.82
341736,3°

202710.84 .

325583.79
193358.55
3099130,96
185104, 4%
293481.21
177580.01%
278633,31
170474.51
263399.12
1£3586.33
2649835,52
1571 43,90
237407, 93
150342.45
222919443
144333,45
2105C0.52
137643.52
198542.73
131569, 724
187338,35

- 125252,74

177076497
119068.63
165991, 28
113502.086
157052.73
1€8736,90
147726.53
133140.43
139453.60

C98632.17

130095.16
92925.13
123373.57
87652,98
116468.53

83415.03 -

1090€3.53
716349.04
102796419
17890455
E8564.47
87303.81
84020.54
81398.07

RALZE ]

SUM UF CUUNTS FOR FILELN ON/OFF

6/473

NO OF THE FIRST FEw SPECTRA TO BE DROPED

Il ¢ FIELD UNDER SUM
L FIELD UNDER SuM ]
NUMRER OF EXPERIMENTAL SETS(ON/OFF)

POINTS IN
POINTS, IN.
POINTS ARE ShIP
482KFV SOLKEY
DETECTOR 1
270
32563.33  56538.29
346411,25 32691, 86
33341.30 539J5.53
34723,68 32181.00
33843.56 512€2.17
34332,86 29541.90
33769, 70 48919,.73
35088.77 29076.89
34064.33 6233.11
14797.22 27078, 2t
34580.85 44152.47
34994413 26583, 26
347€2.09  41776.20
35562, 04 25311..7¢
34395,02 39369, 25
34813.32 24654428
34591, 80  3707c. 37
35732,81 23233.90
34608, 27  35097.32
356418,77 . 22393.61
35003, 7% 33112447
3£398,9% 21705.01
34979.88 31301.41
35933,80 2099%.04
35451.91  29774.75
35701.89 19341,5¢4
35197,30 28158.28
35363,15 19003.06
146411, 45 25818.10
35538,17 17719.64
315498,25 2474585
35726.79 17139.39
35531.41 2350€.01
35093,61  15891.29
3E1€61.18 22072432
15784, 74 '15773,65
35086.36 20615.33
35203, 83 l4toze94
35796.39 194224 1%
35252.26 - 13852439
35359.37 18889.31
34750,36 13347,51
34817.91 17312.47
35100.79 1253¢.26
35028,50 1675, 86
35362,20 12540.30
34830.95 14247.42
34931,08 13687.U2
34951,32 12988.76
24519.04 ° 13077,65
END OF SUM

444KEV

170119.73
276183.56
163451.29
262157.23
155933, 89
249331.75
1484 18,53
237324.67
141582.95
225104, 3%
135411.17
216352, 63
130408.06
210835, 71
124243, 60
190593.84
129069.17
17890%,48
115529,11
168717.04
109715,56
159472, 45
105350.77
14963023
99734.78
142193,97
953¢9.16
133104.33
90764.08
125579.63
84£08¢ .61
118277.04
816433,50
111099,18
77919.31
104449,16
76646,83
99246438
69775.15
93493,5¢4
66210, 98
87161.86
62867461
82172.9¢
59570,%1
75965.52
£91164 54
66330, 30
66664467
63258.32

(222 1]

482KEY
OEYECLOR 2

26018,12
25343,23
26240, 39
25250.03
26399.32
25397,83
26565443
25877.96
26641.58
25778469
26439.63
26150,90
26610.11
2629499
26577.07
25957.69
26649,58
26122447
26821,23
26250. PR3
26995, 46
26407.11
2¢500.81
26151,92
- 26710.09
26719.87
26785.23
26382.60
26922.25
26£35,27
26779, 06
26329.26
26959.35
2¢858.13
26335497
26436450
26329,06
2¢542,20
26519.03
26126463
26614.28
26420.43
26212.27
26027.30
26140.70
25920. 16
25979.27
25990.62
25860.60
25658,02

-50-

SOLKEV

25084.,01
41466,78
24896.28
39382.94
23023, 6¢
37959.¢60
22214.15
35518, 40
2112178
33959.54
20650.28
22012.52
192381.39
30092.90
13773.,25
28297.80
17713.16
26904.67
16997.79
25043, 18
16149,23
23813.74
1£527.09
22837.78
14822,67
21574.15
14094.22
197¢4. 64
13279.03
18495.94
12893, 26
17694.38
12214.30
16573.177
11¢612.34
15735.26
10993.15
14955, 21
13785.56
14192.,70
9608, 79
13090.04
9552409
12265441
9003,02
11492.96
10653.85
9901 .80
9634.00
9£28.36

ANGLE INCREASZ 90° FOR EVERY g RUNS

444KEV

287846449
175869425
278059.48
168941.77
266688.65
le3l181.70
$4487.64
157385.9¢6
244127.71
150328.58
232322.17
145715432
222346.50
140302, 89
211867.00
135351.65
199348.25
129¢96.64
189973.44
123972.75
180181.59
118919.3¢
169455,25
113452,00
160218.06
1084454.06
151298.56
103889, 64
143525.62
98363.83
135193, 22
94293, 74
127917.16
89960.32
121524.21
85552 .06
113743.98
81884,09
107065,93
78303,83
102298.23
T4435.45
96080, 30
705647.76
91172.38
690b4.92
79503, 80
76946.68
74634, 86

T24605.59 _

4B2KEV

DEVECTOR 3
90

24939,89
27130489
25715.28
27331.30
25922.02
28094.98
26986.25
28254.84
27030.88
28208.51
277417.93
28550.0R
280256.28
289%3.35
28198.49
286717.46
28153.77
29364.32
28429.23
28686.97
28166,08
28420.74
28292.48
283:4.43
280%4.20
28264,85
28069.33
283€62.09
28176424
28570.58
28244444
28583.53
28668497
28933.11
28811.46
28757.82
28674.99
28941.95
2910¢6.56
29664495
29387.17
29655. 80
29581, €60
29552.56
‘'29761.51
29796.43
29591431
29608.81
29271.03

29213.03

501KEV

44126.35
26911.95
42331.1°¢
25C31.91
406C6.09
24790463
39239,95
23611.87
37228453
23469.171
3€438.62
22128439
34459,09
21829.5¢
32500.32
20272.58
30791.34
196%9.79
28721, 39
19088.57
27519. 239
18298,86
26504,75
17177.64
24483,20
16649,26
22055.44
15799.52
22005.93
17485.28
20616458
14062.48
19785, 18
l4i60.1¢
186264.43
13565.50
17415.82
12816439

"16T10.4 ¢

11887,31
15777.80
11573,27
15385,28
11176.C8

 14424,0¢

10908.84
12178.78
12079.81
114C3.08
11006.02

444KEV

1490119.55
282233.92
17£5456.81
272215,86
168945.91
262589.30
163407.12
251 7%¢.30
157619.24
263479.61
1526C0.905
233064,08
147730.35
222433,37
142975.06
212399, 3%
137514465
202415.70
132466.97
192579,55
128058,17
183785 .47
123466021
174534, 10
117736¢.91
165552, 24
113304,29
156416.76
109096,32
148410, 44
103282.61
141004.48
LEEEY PR ¥
134C65.57
94533, 78
126909,54
9056+.30
119285, 36
86263,39
1137817, 41
81504,62
107251,.92
TR& 29, 62
1005704 44
73651, 81
940€3.65
85642492
82943.83
B0221,77
76230.73

48X:=v

DETECTUL +
G
180

2603425
25107..29
27293.52
25d5Js5 2
274374463
26256.1 7
28240.7T6
26353.490
2833+, 79
215J07.25
280T1.47
21333.83
29231451
28uv2.13
29427.5%
28203.30
2305+.01L
28 i5den 3
29315411
23Wi.s 2
30345.30
23294.72
30537,.33
30133,
33642.014
30180, 27
30745.+38
30J351.05
30443497
2992i.5 3
31150.52
302u0d.¢7
30433,:5
3038t3.02
30935403
2695¢ez 1
3CHs.43
20622.13
3030644 5
30473,.8
3085540 ¢
30599.. 3
30335, ¢7
30592452
31 337.86 4
31143.9 5
311134553
303el.b3
31L3L.00
3C827.31

SO1KEVY

25452.22
39621.45
25048,02
39067453
23883.46
37890426
232179.54
364C7.01
22581,04
34612.29
21176429
33228.55
20920.67
32069.49
19926.61
30321.26
19596.5%
29009, 30
18633.93
21683.4¢
18242.82
26319.11
16974456
253130.95
16723.68
23683,77
16027.62
22668442
15479.36
21332.72

©14585.93

20058.54
164447.08
19287.48
13370466
18310.20
13780.23
17452, 65
12524.38
16273,37
11e73,78
15292.70
11181.29
14924.92
11073,83
13829.79
12165480
11637.67
11747.51
11288. 34
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The above mentioned érrbr’analysis‘must be modifiéd to suit the
way we analyze the data. In order to correct Fhe decay.of the activity,
the triple correlafion at éach experiment peint is employed. The properly
weighted average.in\this case is weighted by /375’of the error; 0. Let
xi—l' xi, xi+l a;e total counts accumulated in some regular ﬁime interval

at the average time tiyr by tieyr reéspectively. Where x's are'eXperiment

points after corfecting the ‘electronic blockage. It is essential to do this

in order to employ the following formulae.

B, = Exp{(Inx _, - Anxg ) (kg - ti)/(ti+l'71ti_l)}
A = 2‘- (x; = B;)/(x; + B,)
o 3
oAi =4 /Qi © B./(x; + B))

¢

where Bi'are total activities at time ti4cé1cﬁlated from-its nearest-

respectively. A,

neighbor points, x, and x, at time t,~
i : i- i

-1 i+l and t,

1 1’
can be either asymmetry of the 501 keV gamma-ray or anisotropy of the 444
keV gamma-ray.
The weighing process is done in two ways to take care of the

different warm-up characteristic of saltfpill in different experiments.

a) For the narrow temperature variation experiments
The experiments of 6/20/73, 6/29/73, and 10/2/73 have a very small
temperature variation. In these experiments the avetage temperatures are

used. First the weighted average on'Ai_is employed:
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X 2
.gAi/‘(3/2 © 0y )

i

A= N - - 2
> 1/(3/2 - o)

. A,
1 i
_ N : 5y "12 _ ' » A
o5 = Va3 | X 1/6/2 - o)) — |

1 i

Then .the corresponding parity mixing'ratio and its error, € and SE, are
evaluated from A and 55, respectively.

b) For the wide temperature variation experiments

Only thevexperiment of 6/4/73 has the wide temperature variapion
‘in experiments which we used to analyze the parity mixing ratio. In this
case the data analysis is done as following: First the corfesébnding
parity mixing ratio_andvits error.are'evaluated'from Ai.and OA. and
temperatures ffom thg an;sotropy'of the 444 kev gammé—ray-at t;mevti. Then

the properly weighing process for parity mixing ratio is carried out as:

N 5
Zl:ei/(s/z - 07 )

- 1
£ =
2 2
E 1/(3/2 - 0~ )
€.
1 : i

o N 2 -1/2

o- = /4/3 {Z 1/(3/2 - o° )

€ €, .
1l i .

2. Magnetic hyperfine splitting. The magnetic hyperfine splitting -

can be obtained by knowing the anisotropy and the temperature. Temperature

‘can be measured either internally (the nucleus serving -as thermometer sits
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in thie same equivalent lattice sites as the nucleus at which the magnetic
‘hyperfine splitting is to be evaluated) or externally. There are not

. 60 . 60 . .
available data for Co in ZrFe Co(Fe) is a well known thermometer.

¢
The effective hyperfine field of Hf in iron as an impurity is too small when
the foil is prepared by melting. The secondary internal thermometer other

, s . . 180m . . : .

than 444 keV gamma transition from "Hf is not available. Although
external thermometry has several drawbacks, with careful data evaluation
and some precautions one can reach the same precision as internel thermometry.
By using an external thermometer, several reasons which cause a temperature

gradient between the sample and the thermometer must be taken into

consideration.

a) The sample ané'the thermometer at different locations

"Inlﬁhe.case of a very ﬁot acfive sample with poor thermal
_ cenductivity.to the_heat sink, the temperaeure gradient between the
thermometer aﬁd the‘Sample;can be huge. The thermometer can read essentially
thevsink temperature while the sample is actually at an order of'maénifude

higher temperature; This situation was actually met in the early experiments.

b) The éa&nple and the thermometer at the same location.

‘Differe‘ntv: thermal paths for Ithe sample and tl;1e thermometer can make
them read different temperatures.' This happened when the semple had a great
thermalvboundary resistance due to thebimproper soldering, even‘when the
60 | '

Co(Fe) foil sat on the top of the sample and the sample was directly
soldered_to the coppef‘fin. The iron foil would see the lower temperature
through theisoft solder joint,band the poor thermai conductivity between

' the sample and the copper fin prevented the sample from coeling down,
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Due t§ the difficulty of yetting the sample, soft solder instead
of In or Wood's Metal solder was used, with acidic flux. .Eleétréplating
nickel on the sample worked equally well. The 60Co(Fe) ex£erﬁal thermometér
was carefully calibrated as listed in T;ble iV. The temperature in_éolumn'
4 was evaluated based on D(EXP), where D(EXP) = -8.6868 X lO-18 erqg,
correspondingftb magnetic splitting of 7.9i0.5.mK., D(EXP) is a product

60Co) is UH based on the

of magnetic moment and hyperfine field (UH); D(
tempefature e?aluated from the anisotropy of 60Co(F;e)."The reason fpf

using the weak soﬁrce.strength of 60Co is.that the stronger §ource strength
of §0C0 presents two problemé: a) The signal to.noisé ratio became worse
due to high Compton background from 60Co in the 444 keV and 501 keV regions.}
It became progressively worse as the lSOme decayed.  b) More heat load

was introduced‘to the heat sink. vaen with this weak soufce strength one
still.is able to say that D(EXP) is in agreement with-b(GOCo) within 10%

and that is.the accuracy that most experiments obtained.

3. Internal thermometer. Knowing the magnetic hyperfine splitting

. 180m

of - Hf in ZrFe , one can determine the sample temperature internally by

2
measuring the anisotropy of the 444 keV gamma transition. ‘A typical intefnalv
temperature evaluation based on Det. 1(112-C) is illustrated in Table V.
The data in Table V are taken from the experimental -results of 6/4/73.
AnisotrdﬁY‘is defiﬁed as the intensity ratio of the intensity difference

_in 90'Aa and 0° to its average'value.‘ ANI in golumn.6(7) is the anisotropy
evaluated at the éata point of 90°(270°) fo the polarization axis. Of
course, one -can evaluate the aﬁisotfopy at the:data point.of 0° and 180°

in the same manner as ANI and AN2. The difference is expected to be small.

The rest of the experimental results are presented in Table IX.



-55-

"Table IV. Determination of the Hyperfine Interaction

720

Time 444 kev TEMP . %o TEMP. p(%%co)
(MIN) ~ ANI(90) aN2(270)  (mK)  ANI(90) AN2(270)  (mK) D (EXP)
16 .32811(368) 27.75(21) .1866(211) 28.1(2.0)  1.09
48 .33551(381) i 27.32(22).2170(2095 25.7(1.3) 0.93
80 . .33310(395) 27.46(23) .2058(211) 26.5(1.7)  0.97
112 .31575(409) 28.51(26) .2268(207) 25.0(1.4)  0.88
144 .31575(422) 28.40(26) .2026(209) 26.7(1.7)  0.92
176 .30382(437) . 29.27(29).2058(211) 26.5(1.7)  0.91
208 .29060(452) 30.17(32) .2181(208) 25.6(1.5)  0.84
240 .29409(467) 29.92(31) .2080(206) 26.3(1.6)  0.89

272 .29706 (483) 29.72(32) . .1808(208) 28.7(1.9)  0.95

304 -.29225(499) 30.05 (36) . 1606 (210) 30.7(2.4) 1.0l -
336 .27674(516) 31.17(40) . .1675(207) 29.9(2.2)  0.96
368 .26097(534) 32.40(44) .1711(207) 29.6(2.1) - 0.91
400 .25859(551) 32.60 (45) £.2070(207) 26.4(1.6)  0.82
432 .25263(571) 33.09(51) .1873(208) 28.0(1.9)  0.85
464 .24922(590) 33.39(51)  .1647(207) 30.3(2.2)  0.91
1496 .24448(608) 33.80(53) .1281(207) 34.9(3.1)  1.04
528 .23366 (631) 34.79(59) .1712(205) 29.2(1.5)  0.83
560 .23971(649) | 34.23(60) .1527(205) 31.6(2.4)  0.92
592 .23675(670) 34.51(62) .1190(207) 36.5(3.5)  1.06
624 .22567(696) 35.57(69) .1392(206) 33.4(2.8)  0.94.
656 | .23274(715) 34.88(66) .0946(207) 41.8(5.0)  1.20
688 .22063(740) 36.07(78) . 1540 (205) 31.5(2.4)  0.87
.21064(766) 37.13(86)  .1728(205) 29.5(2.0)  0.79
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4. Asymmetry of the 501 keV y-ray. The results of the asymmetry

measurements of the 501 keV gamma transition from 180me are presented in
Table V with the experimental resglts of 6/4/73, 6/20/73, 6/29/73, 10/2/73.
AAW in column 4(5) is the average value of W(180D) and AW(OD)(AW(lSOD) and
W(oD)). AW(OD) is the arithmetic average of ﬁ(OD)s at equal time before
and after W(180D). The true W(OD) at the data point of W(1l80D) is expected
to be Qery ¢loSe to -AW(OD) in the 16 miﬁ time intefval. The error in |
column 6 isAevaluated as mentiqned in Seétion F of 1 error ahalysis. All
the results of different experiments agree with each other pretty well.
Det. 2(102-6) in the experiments of 6/20/73 and 6/29/73 had magnetic field
dependent characteristics. Whether the émall asymmétriesvin these. two

experiments is due to this characteristic or not is not known.

5. Asymmetry test. Asymmetry tests.of the 444 keV gammavtranéition
from lSOme éerved as a systematic‘asymmetry test. The'résult is pge;ented
in Table VII( éndvit shows there is no systematic asymmetry bigger than
0.0005(9) in Det. 1 of 6/4/73, while the asymmetry we observed in 501 keV
gamma transition is 0.022(3); It isvcleariyvshown in this result thaf the
asymmetry of the 501 keVv is real. 60Co asymmetry tests were also cafriea
out. The results in 11/2/73, 11/8/73, 11/13/73, and‘ll/15/73'aie nof as
convincing as the results from the 444 keV gamma transition duebto
insufficient statistics, élthough it is'negative;'.The stronger source of
60Co alone in the early experiment showed no.asymmetry but thevsyst'em was

modified later due to its vulnerability to‘superfluid leaks.

6. Parity mixing ratio. The results of parity mixing ratio are

presented in Table VIII. The only ambiguity in the determination of the
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DET.

TEMP,

PET.

TEMP.

DET.

TeMP,

DET.

TEMP,

TABLE
IN MIN. ®t 0 0}
1 674173
16.00 39992.10
48.00
80,00 35507.32
112.00
144.00 32099.23
176.00
208.00 29705.60
260.00
272,00 26943,59
334.00
136.00 24948.25
368.00
400,00 21930.44
%32.00
464.00 19910.39
496,00
528,00 17672.94
569.00
592.00 16193.41
524,00
656,00 14630.06
688,00
720.00 136981.52
AVERAGE STANDARD DEVIATION
2 6/4/73
29968.85
32,00
64.00 27089,83
96.00
126.00 24498.55
160.00
192.00 22097.39
226,00
256.00 20147.34
288,00
320.00 18229.59
352,00
384,00 16623.99
416.00
463,00 14780.02
480,00
512.00 13523.41
544.00
576.00 £2097.55
608.00
640.00 10499, 07
672.00 .
704.00 9804.45
AVERAGE STANDARD DEVIATION
3 6/64713
.
16,00
48.00 31303.20
80.00
112,00 29239.52
144,00
176,00 21126.72
208.00
247,00 24535.69
272.00
304.00 22822.38
336.00
368,00 20091.24
400.00
432,00 18183.25
464,00
496,00 15999,59
528.00
560,00 15617.97
592.00
624.00 13462.75
656.00
688,00 12638. 16
720.00
AVERAGE STANDAFG DEVIATION
4 874773
o
32.00 31330.07
64.00
96.00 28762.99
128.00
160.00 25790.20
192,00
224,00 2405146
256.00
288,00 22163.60
320,00
352.00 19806.83
384.00
©16,00 18487,25
448.00
480.00 16613.47
512,00
544,00 15190, 24
576.00
608.00 14203.38
660,00
672.00 12644,20
704.00
AVERAGE STANDARO DEVIATION
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wil800)

39255.37
34660.60
31424.28
28825.38
25643.06
24032.32
21506.13
19195.74
17530.42
15215.65

13700.17

29703.43
25979.10
23865.99
21462.57
19266.79
17674.17
15738.60
14323.29

12819.07

11856,79

10433.87

34497.51
30944.69
29035.45
26705.62
23716.91
21681.67
19353.60
17755.42
1611404
14543.52
13098.35

12328.97

32007.11
29630432
27767.47
25433.96
23565.12
21601.37
19457.03
17747.38

16450.50

14851.20
13214.88

12519.82

W(180D)-AWI0D)

AW{ 180D}~ {0D)

Abw

- 0409
.0321
<0175
.0187
~.0032
.0271
.0288
.0230
.0356
-.0115

-.0322

<0416
-0084
20254
<0170
+0053
.0038
.0041
-o0i3c

0022

<0507

<0280

.0226
- 0305
20345
+0023
.0125
.0125
£ 0402
<0258
L0094

- 0042

~.0130
-0193

.8210

.0204°

<0305
<0187
<0126

40349

+0it0

-.0140

AW

<0410
«0306
-0L3L
-0129

-.0011

-0360

.0203
0373
+0085
~.0132

.621784

-0251
<0163
-0239
-0093
-0085
-.0024
.0157

-0020

-0189

20577

<017294

0428
40248
<0262
.0254
-.0064
0194
0193
0556
~.007%
40249

<0110

+022089

~.0172
-.0028
-0300
.o117
<0178
<0345
-0051
-0281

<0286

-.0138

<0340

2012656

ERRO!

-007426
.007832
.008178
.008588
.0C8956
<009462
.009971
+010537
<011090

.011730

«002837

.0cas53s
-008998
-0C9456
009940
-010457
-010975
-011586

«01215%

«012796

«013596

.003279

-007905
-0c8218
~0C8529
.0c8s70
-0093176
.009928
«010437
«011020
+011410
L012111

4035384

+003044

-008024
+008344
+008739
.009078
~009457
-009960
.o10308
+010894

-011391

.011907

.034967

.003064

.007209
<007634
.008012
.008368
.008790
-009t83
.009712
. 010265
.G10TT4
+011432

«011983

-008289
.008792
.009212
- 009654
+010202
.010708
«011284
+011855

+012498

“o13147

.013940

+008084
-008362
.008727
.009188
+ 009634
.010197
.010717
.011211
011754

.012370

008189
~008527
-008914
.009259
+ 009694
«0l0180
«010649

+011120

+0ll836

+012259

TEMPSRATURE  PARITY HIXING RATIO
(k)

SURR8R2JTEELS

IEC\'B'.“:"'”.‘. ?

)
o R3

W NN NN NN S S

16,2 .51
16.R5 .55
17.10 45
17.45 .73
17.95 N
18,70 Bl
19.45 an
20,25 .07
21,15 22
21.75 .27
22,40 .38
22,90 L4h
23,50 .62
24,25 76
24,75 i
25,40 .04
26,35 .20
26,85 - 4004 3.3
26.R0 =13.20 4 3.46
27,40 -15.06 4 3,50
27,00 -10,05 4 3.67
WSIGHTED AVIRAGE = - 3,78 4 0,68
6

.50

.52

S

Al

M

A7

9

95

M

2,25

2,42

2,42

2,55

2,62

2.57

AT 2.72

34+ 2,93

3 4 3,19

05 4 3.26

2.92 + 9.31

WEIGHTED AVERAGE = = 4.54 + 0.54

3,04+ 1,49
2.36 + 1,52
0.F7 4 1,55
- 3,564 1.6
- €634 1.5
- 4220 1.7
EENTERN
- W01 4 1P
- 3,40 4 1,53
- bate 4 2,07
- 745+ 2,12
- 3,474 220
- 1015 4 2,54
- 2,95 + 2,54
- h,h1 1 2,59
- F.2% 9 2T
- (.93 4 2.7
- Pdd v 2,01
TRENE

50 + 3,71

- P77 4+ 2,20
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TIME IN MIN.

DEYLL 6720773

0

32,90

b6, U0

- 96,00
129,00

160,00

192,00

224.00

256,00

© . 288.00
s . 320.00
352,00

384,00
416.00
448,00
480,00
512,00
544,00
576.00
608,00

TEMP,
DET.2 6/20/73

16.00

«8.00

89,00

112.00

144,00

176,00

e . . . 204.00
. 240,00

272,00
304.00
336,00
3o8.00
“«U0.00
432,00
464,00
495,00
528,00
S6U.00
592,90
624.00

TEMP .
NET.3 6720473

16.00

48,00

80,00
112.00
144,00
176,00
208.00
240,00
212,00
306,00
336,00
368,00
400,00
©12.00
406,00
496,00
528.00
560,00
592.00
©24.00

TEMP,

NET.% &/20/13

0

32,00

54,00

96.00
128,00

163,00

. 192.90

- : . . 224,90
256.00

B 288,00

. 320.00

352,00

384,00

41a.00

. 448,90

23 : 80,00
512,00

4,00

516.00

608,00

. TEMP.

¢

ut 9 0}

2308940
2ot62. 30
18040, 14
13729.56
13712.07
11994, 86
10308.69
951454
B292.43

1084.82

43251.01
3324046
34682,09
30519.01
21296.06
238d1.05
21549.00
1RGe4.v8
L1187.60

15395, 83

46278.86
4192.25
31218.32
34157.85
30L79.47
27833.32
2545154
22633.01
19849.48

11958.99

L7291.54
15130, 39
13770.406
L2280.78
12026.81
1l414.59
10460, 35

KRR L. 46

59~

TABLE VI

CIRETH)

26565.83
22031.50
[EOTATI
17082.95
19220.14
12962.52
11556.98
10260.86

8783.04

T71e6.72

AVERAGE STANDAKD DEVIATICN

45%69.08
40%08.03
31139.068
32385.87
29295.617
25941.56
22950.t6
2U505.33
18253.11

16219.12

AVERACE STANDARD DEVIATION

45064.72
40584.76
36213.57
32900.84
29958.48
27215473
26483.62
21119.12
18839.06

1648%.02

AVERAGE STANDARD DEVIATION

ITS7TIN
14579.43
15455.23
L23vi.80
12244, 34
10956.91
9337.15

8675.81

TeST.4ab

1026.46

* 514,32

5694.33

AVERAGE STANDARD DEVIAYION

w(1BIDI-AW(O0)

aaw

0209
“.0019
0140

.0357

‘.0107,

-0386
. 0354
~.0l13

0106

0059
<0190
~. 0094
+ 00869
<0162

20236

202065

L0115

.u0o7

0079
0122
.0‘55
» 0244
G331
0223
<0199
-. 0036

~.0022

-.0246
-0luo
PETY
L0148
L0441
.QuTe

“.0224
<0952

- 0243
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ARL1IBLOI-wigL}

VLY
.0156
~.000¢
20248
.9240
0202
0548
-.0022

-.0U53

0149976

-.0020

<019%

—.0udl
0085
0218
POED Y
0210

3030

010015

-+ 0099
0298
40105
20395
«0256
-0lal
20047
L0049

-.0189

«U1 3700

L0025

L0l
L0504
«J24<
“Ol4d
-.0240
2224
04930

«00%¢6

162317

EMRUR
LOL928y
Lu0va It
V09920
SULl0Z4>
+010530
RUTTET]
«01120%
RTYELE]
«042003
2012454
«012847
. 2013279
-Ci3731
014082
014507
2015047
£015551
-016110
-003557
-006803 .
L007002
007157
. “0UT374
+00759¢«
007840
L CBR6C
008250
.008542
00881y
L0L9101
. 0Us38Y
.0096173
LLU99sY
010220
OL0asT
010779
.Ullugs
2002832
20006675
“UC6822
007041
«007215
«007460
-007632 .
007844
.008058
X .008237
«00B422
008620
008833 B
SOUVUBS
+205389
00723
+010026
010298
010602
.00 130
RUYTY
L0140
<0174
«0L2000
TLul22es
RIvEET
sUl2To%
S0uBLY
RO PLIT)
S0L3189
013530
SOL39 18
RYDLLYS
.014989
«01538%
15940
Wisele
LT RS
2004432
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TRBLE

TIME IN MIN. Wi g

DET. L 6729713

16.00 31051.99
B30 .
av.ou 32996.10
t1z.00

144,06 29060.5¢
176,00

208.00 2vd61.98
260,00

212.90 22126013
304.00 .

336,00 19934, 34
368.00

400.00 vrzis.07
432.00

46400 158482.98
+96.00

528.00 1395066
560.00

592,00 12408.19
624,00

656,00 11233.35
668.00

120.00 981567
152.00

TEMP., AVERAGE STANDARD DEVIATION

DET2. 6729473

0
32.00 50655.37
64.00
96.00 «5388,43
128.00 N
160,00 4106 1,95
192,90
224400 16457.61
256.00
288,00 32616.72
320.30
352,00 29460.02,
384,00
416.00 25547.38
448,00
480.00 . 22089.66
512,00
544,00 120653.89
$76.00
608,00 [EEFE
640,00
612.00 L61d2.0%
10400
136.00 t4s10.92

TEMP, AVERAGE STANDARD OFVIATION

OET.3 6/29/73

8692375
5¢3Thu3
40461.87
42597.03
3t606. 706
34063.85
30555.19
27206.25
26580,46
22271.58

19008.97

774,00 17068, 78
136.00

TEMP. AVERAGE SFTANDAR( DEVIATICN

DET. 4.3 6729713

16.00 .
+8.00 28704417
80.00
112,00 28017.47
144.00 R
176.00 22643415
209,00
240.00 20115.62
272,00
304.00 17c34.08
336,00
368,00 1615360
%00.00
“32.00 1436142
“64.00
496.00 13110.10
528,00
569,00 lisal.22
492.00
624,00 19265.49
856.00
©86.00 9203,82
720,00
752.00 8520.66

TEMP. AVERAGE' STANDAXO DEVIATION

VI ASYMETRY CF THE SO1 KEV GAWMA RaY

n{180D1

Iedv8.07
io8is.2Y
21376.47
24606.50
21631, 30
18537.19
16999.07
14862445
13358.46
12019.21
10915.06

9399,82

52146.80
«8816.71
4363962
39578.33
'34500.57
FLISTN I
PIESTIRT]
24218.48

21012,30

1945738
187,90

1519015

55951.23
“89084.00
4b444.88
39965,26
35990.03
32021.62
29091.35
26824.81
23331.14
20962.88
19494.25

16353047

24804.56
2105350
24431.51
21524.09
l")"'.hb
17567, 12
1sana.es
14502.96
1298008
170875
970394

8962.31

Wi 18001 -4 (00)

Aw(1500) -w 10}

Adw

-.0021
-, 0049
-.0015
~U308
<0295

<0008

$027d

£0132
0179

-0387

<0179
.0107
-0228
-.0024
-.0087
-.0017
.0059

-.0018

-.0000
- 0210

-0205

L0351
~.0070
$0454
- 0009

.0058

~.0075

<0092
-0366
-.0028
-0186

<0264

-.0131
- 0035
-0085
.0¢28°
£ 0230

NI

-.0161

I lras
o656
-.0017

+0120

Adw

-.oue2
-.000%
+00%0
0630
<004y
.u3lie
.0007
40100
<0210
-0194

L0314

.011108

.boig
<0168
-oLe
-u120
-.0040
~.0107

-6042

.0082

-auu72
PO 3

~02%a

~008319

-.0041
NETH
-0is1
+0086

-.0033

-.0010
+0265
.01Te

-.0010
-0352
0187

013106

-.0108
-.0180

at2r’

~0151
0283
L0139
~U0s7
-0098
£0537
-0315

0132

.011068

ERKOR
. SQuinse
LUCT IV
ce FDLTETY
.uus2et
+J085 44
PULRLED
.oovare
L009402
- +OLY0ES
.01000%
010389
010095
: TP
RITEIC
01596
2011943
~012282
.012028
. . L012957
LoL3278
L0136064
L018160
~ou3027
L006281
006449
006610
+000788
. «0069%8
“UuTLeB
007384
.00T620
L0cTa30
~0uB0sT7
008261
003502
008839
~009101
LCi93es
SU098 L
. 0C9958
2010133
L0Lua2L
Sul071e
+01103e
ELITEIN ]
« 002459
JOLIYLY]
008186
.006178
+0068117
000635
+006840
.00T076
~007277
L00T404
007669
~0u7B8d
+008092
<008310
<0cesie
.008712
-CCo980
200925¢
00949
.009813
~010165 -
010467
io10173
4002340
004370
R RICIIEN
.008780
L0090
4009368
k L0uveed
~0C993)
S0l r
«Gi0516 .
-01079¢2
.u1Lces
. vl
<UL 784
.012121
13
W01295T7
-612903
013280
~013824
“01e350
014692
1014943
.003278
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TABLE VI ASYMMETRY OF THE 501 KEV GAMMA RAY

W(1800) wW(1800)-AW(OD) AW(1800)-w(00)

«011342

L011675

«012026
«012391
«012728
«013108 -
«013531

«013885

4012024

«012397

«012773

.013061
.013463
.013764

«014312

TIME IN MIN, Wi 0 D)
AAW AAW ERRO
DET.1 1072773
0 15809.83 : :
32.00 15777.52 0302
64.00 14821.37 .0324 011520
96.00 - 14856.62 «0254
128.00 14154.75 «0143 «011844
160.00 13877.67 .0070
192..00 13418,00 0054 .012192
224.00 13115.08 0137
256.00 12472.32 02317 012587
288.00 12437.63. .0151 :
320.00 12034.19 ) . =.0004 012893
352.00 11634.64 -+ 0C09
384.00 11268.49 . -.0013 .013327
416.00 . 10885.51 -.0070 i
448,00 10662.82 ) ] .0038 . .013682
480.00 10524.46 +.0294
512400 9794.22
TEMP. AVERAGE STANDARD DEVIATION 012704 004696
DET.2 10/2/73
o . 15022.79 i
32.00 14410.006 .0035 .011771
64.00 : 13920.66 - 0128 T
96.00 13107.43 : S 0352 012241
128.00 - 13241.80 . . 0357
160.00 12454,59 " o : 20235 012596
192.00 12275.04 « 0034
224.00 12023.21 . -.0028  .012906
256.00 T 11707.61 - T -.0029
288,00 11465.85 -.0096 013239
320.00 11015.83 -.0033
352.00 10652.66 .0203 013632
384.00 10728.80 . 0331
416.00 10113,92 0155 014007
448,00 . 9835.34 i <0146 ‘ :
480.00 9289.22 20657 «040137
512.00 9379.22 S :
TEMP, AVERAGE STANDARD DEVIATIGN «012931 « 004895



TIME N MIN.

DEY.Y 674773

Wt o D)

21!)80‘.82
193958.55%
177580,03
143589.33

150342.45
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TABLE VII ASYMNETRY OF 444 KEV

202710.84
185104.44
170474.51
C157143.9

144333,45

137643,.52 .

125252.74
113502, 06
103160.83
92925.13
4341%.03

T7890,.55

131569.24
119068.63
108736.90
98632.17
87652.98
T79049,04

TEMP, AVERAGE STANDARD OEVIATION

DET.2 674/1)

170119,73
15%933.69
141582,95
130408.06
1200869.17
109718, 56
99734.78
90764 .08
81438.50

T4644 .23
8621%.938
59570.58

163451.28
148438.5)
13541117
124243.60
115529.11
105350.77
95369, 16
B‘O!e. 1%
T7919.31

69T75.75

62867.61

TENP. AVERAGE STANDARD DEVIATION

DET.3 6/4/73

720.00

168942.77
157385.9
145715.32
138351.65
123972.7%
113452.,00
103889,64

94293.74

85552, 06

78303.83
T0547.76

175869.25
163181.70
150328.58
140302. 89
129696.64
118919.36
108464.06
98363.83
89960.32
8188409
T4435.49

69064.92

TENP, AVERAGE STANDARD DEVIATION

DET.4 674713

544.00

576.00
608.00
660,00
672,00
704.00

17336681
163407.12
182609.03%
142975.06
132466.97
123866.21
113308.29
103282.61

94683.78

86268,39
T8429.62

T 180119.5%

168945.91 '

157619.24
167730.35
137514.6%
128058.17
117734.91
109096.32

98967.16

90664 .90
81504.62
T3851.81

TEMP, AVERAGE STANCARD DEVIATION

AAW

=20047
-+0038
—-.0006
- «0011
+0024
+0009
-.0026
‘.(‘0 38

«0061

-+0059 -

-+0100

+0026
~-e0022
~a0043
-.0080
«0055
<0060
»0013
-+0002

-«0018

~+0093

-+0004

. —e0032
-.0024
~.0004
-.0015
-.0c08

- -.0072

«0074

~+0002

40021

-.0103

~+0003
Q012
+7013
«2026
«3022
0008
+3035

'+3053

#0023 °

«3040

«230461

.a001
0024
-.0045
-.00158
»0J66
+7062
-.0004
«0069

~.0107
0017

-«CC0l78

0034
~+2040
~.0027
-.0026

0027

«0021
~e00468
-.0014

+0043
~.2018

20335

«C00512

~+0059
~-0008

+0005
~.0028

«0024

-.2079
+3010
+0072

+0014

-+0021
-e3219

~2022149

ERAROR
+003137
+003211
003284
«003355
4003425
<003495
003569
-003645
.003725
.003810
+003900
«003993
<004096
«006194
+004293
+004398
+004510
004637
004770
+004892
+004992
+000875
+803500
«003381
»001669
+003736
+003839
+003921
.0N4004
+004081
004166
~004262
004364
2006471 -
+004581
+00489%
004820
+004947
+003364
2005190
. +005 341
005494
. +005640
+000980
+003438
-«003501
+003568
2003640
+003707
+003774
+003846
003927
004014
.004103
+004196 .
£004292
«004393
«004501
. 004607
004718
+004830
+004941
+0030%8 .
005184
+014807
2001147
+003380
© 4003438
+003499 .
-003560
»003620
+003679
+003742
+003812
+003883
<003951
004026
+004L14
+004200
«004290
«004393
004495
«004594
+004699
004817
«004941
+014440
.001109
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mixing ratio are Gy and Gy (see p. 16). The uncertainty introduced in

.determining the parity mixingvratio due to the uncerteinty invG3 is small‘
because G3 is multiplied by B3A3 and this latter quantity is only ll.‘%

of BlAl at temperature in the range 20-30 mK. The high value of G2 end G4
;wevused ensures that‘Gl is nearly eqqai to 1. So the.uhCertainty due to
leis also small. Averaging eli ﬁhe available experimenta; data, we get
the miﬁing,ratio equal to —0.0290(l9). This value is lewer £han all the
previous experimental results which are listed in Table VIII. :The erxor

we quote is simply statistical in nature.

7. Summary of the results. The following things were checked or’

tried: -
a) Rad.iati'on damage due to the recoil energy from thermal neutron capture
;5 hegiigible in the metallic system.
b) Crystal imperfection ihtroduced by-heutron-capture and/or mechanical
etressecennot be.deﬁecﬁed;
c) Magnetic. saturation on the sample was checked in higher hagnetic fields.
The instability of the power supply_makes the experiment very difficult, |
but one still can sﬁow the magneticvfield we used actually.eaturated tbe
sample. |
Adj AI4 éoﬁnter and a 2 counter 5yspem‘were(set ﬁp to cheek any systematic
asymmetry. ﬁo such effect can be deaueed within our_exPerimeneai;ac;ureey.
Table IX summarizes all Ehe relevent experiments. Cdlumn:3‘liets

roﬁéhly_the'geometry of the;sample befere.soft soldering. eCoiumn‘4 lists

‘ | . - | 180m

the internal temperature based on the 444 keV gamma transition of CHf.

Column 5 specifies whether the sample was prepared before the thermal-
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Table VIII. Asymmetry and Mixing Ratio

Date Ser. No. Distance Orientation Asymmetry and Mixing Ratio*-
(Ave. Temp.) B Temp. Range -€
112-Cc 21.6 cm 270° .0464 (59) 2
~17.75-29.20 mK
# 3068-C  20.1 0° | .0378(68)°
6/4/73 ] . ' 16.30-28.00 mK b
: 68-B 10.2 . 90° .0464 (64)

15.35-28.00 mK b
239a-C 11.4 180° _ .0252(63)
15.35-27.20 mK :

112-c  29.5 180° .015976(3957)  .0279(75)%
. 16.5 mK b
102-6 10.8 270° .010015(2832)  .0184(52)
6/20/73 16.0 mK- b
(16.4 mK) - 68-B-  11.5 . 90°. . .013766(2736)  .0252(50)
16.0 mK b
239A-C - 13.4 . 0° .016237(4432)  .0296(81)
' 16.55 mK -
112-C _'27.1 270° . .011108(3027)  .0244(67)%
' _ 23.4 mK b
- 102-6 9.6 180° .006819(2459)  .0151(55)
6/29/73 . R 20.9 mK b
(22.0 mK) 68-B°  11.9 0° .013104(2340)  .0290(52)
. 19.5 mK : b
239A-C  13.5 90° .011068(3278)  .0244(73)
' 22.6 mK
112-C 17.1 270° .012704(4696)  .0281(89)°>
.10/2/73 . . 16.2-18.3 mK b
(17.35 mK)  102-6 9.1 90° .012931(4895)  .0283(92)
: 16.2-18.7 mK '
This experiment } . 0.0290(19)
Krane et al., Phys. Rev. C 4, 1906. (1971) ' ~ 0.038 (4)
Jenschke et al., Phys. Letters 31B, 65 (1970) - 0.041 (7)
Lipson et al., Phys. Letters 35B, 307 (1971) 0.033 (9)

* . - C .
.The solid angle correction used for a,b,c are listed in the following:

(continued)
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Table VIII (continued)

G G ‘G, G

1 2 3 4
1.0000 = 0.9920 . .0.9900 0.9800

0.9990 . - 0.9852 0.9680  0.9512

#The parity mixing ratio of this expériment is evaluated from each

experimental point as described in the text.




‘Table IX. Summary

Date No. of Detectors a/b ratio Temperature Compound Made . Anneal
Being Used : : (mK) Before or After '
: : Neutron Capture

6/4/73 4 .034/.211  16.8-28.0 . before no
6/5/73 4 .034/.211 - 16.4-34.1 before no
6/20/73 4 .022/.189 18. before: 'no
6/29/73 4 -.0205/.238 25. before : no
7/4/73 4 ®%q (Fe) - 10. | - ~

9/26/73 3 .0205/.238 16.0-32.0 : before no
10/2/73 2 .0205/.238 - 17.3-28.7 4  before | no
11/1/73 2 .025/.257 29. -33. before yes
11/8/73° 2 .034/.254 29. -37. ' after no
11/13/73 2 .025/.223 22.0-24.2 after | no
11/15/73 2 - 27.1-38.0 - after . no

_99_
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neutron capture or after. The sample used in the ekperiments'of 9/26/73

and 10/2/73 was the old sample from 6/29/73; the'surfagé"of the sample was

’ Uia
o -t '
just cleaned and it was sent into the reactor again. )

"II. Discussion
 The asymmetry is unambiguously observed in the 501 keV ‘gamma
N 180m, . , L T
transition of = Hf. The optimum experimental situation can be reached,

if the following things can be achieved:

A. About Detectors

Removing the electronic blockage will be the major improvement of
this experiment. Detectors to be used in this experimént nust be able to-
tolerate high countiné.rate situééions without degrading;the efficiency
of the detector. |

B. Abouf the Polarizing Magnet

Three things can be done with respect to the magnet:

1. Ripple from the output of thegpowér1supply4must be‘eliminated.
The amplifier of fhe D.C. power supply is in_resonance with.the inauctance
of the polarizing magnet. At.higher current»outpﬁts the ribple émplitude
and frequency was so high that it actually drove the supercénducting.magnet
normal. ,WorSt of all it almost always heated up the sample by eddy cﬁrrent

{

heating.

2.  Modify the linear'ramp into sinusoidal ramp. This modification
- will further lessen the eddy current heating from rotating the magnetic
-field. The experiments show that it is not essential but it is nice.

3. Set the polarizing magnet in 4°K instead of 1°K. »The advéntége

of this will be discussed in the next section.:
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" C. About the Cryostat

‘The tail section of the cryostat is so small (1/2" 0.D.) in space;
that one cannot have confidence that the sample will not touch the
inner wall of the tail sectioﬁ. ‘The tail section will certainly be at 1°K.
The smallness of the tail section is dictated by the polarizing magnet
which is’ihside the 1°K bath. In order to put the pélarizing magnet in
the 4°K bath, two ways can be used to solve the probiem, but both invoive
major work.

1) Change -the. inner wall of 4°K bath to make room for the polarizing magnet
to get in.

| 2) Keep the.same dewar and wind a magnet with bigger wire to allow higher
current, say 50—100 amperes so that the magnet can be made small enough

to fix into the present dewar. To wind a new magnet is not too difficult.
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APPENDIX T

GAMMA MATRICES AND INTERACTIONS

I. Interactions

Interactions can be described in terms of their degree of freedom.

Interaction | Degrees'df . ‘SYmbél o Interaction
Freedom . Matrix
Scalar 1 ' | s SR VR
Pseudoscalér _ | 1 : ‘ P o . @ . YS - Y
Vector 4 v | v | P Yy v
Axial Vecto:' ' 4 : A ‘ v Yo © Vs ("
Tensor _ _ 6 | " T @ oaB w

In 4-dimensional phase spacé, we have 16 degree of freedam. If we sum up
all the dimensions in column 2, we do get 16 degree of freedom. Here U]

‘are annihilation operators, |y are creation operators, GaB are antisymmetry

tensor.
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II. Gamma Matrices

Gamma matrices are the solutions of the Dirac equation. They are
" normalized and satisfy  the commutation relation:
Yu Y\) + Y\) Yu = [YU'Y\)] =0 u#V ' U,V = 1121314.

+

The simplest forms are:

\
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APPENDIX II

ANISOTROPY OF 444 keV AND ASYMMETRY OF 501 kev

GAMMA TRANSITION FROM POLARIZED ~COMHE

I. Anisotropy of 444 keVv
. ‘ ) 180m . . o o
The anisotropy of 444 keV from polarized - Hf in ZrFe2 lattice
is calculatéd_under the following assumptions:
:1) 57 keV 8- to 8+ transition is pure El
2) 444 keV 8+ to 6+ is pure E2-

Then we get the following values as input data for computation.

magnetic hyperfine splitting UH . -8.68686 X lO_18 erg

reorientation parameter _ L U(2) 0.95833
U(4) 0.86111

angular distribution - F(2,1) ~0.38132

parameter,_}?‘k :

/ S F(4,1) ~0.17271

s0lid angle corfection‘ G(2) 0.992; 0.9852; 0.9725

G(4) 0.980; 0.9512; 0.9110

Three geometries have been used.
The results with the listing of the FORTRAN program are presented

in the following pages.

II. Asymmétry of 501 kevVv
_ o : o : ) 180m L
The asymmetry of 501 keV transition from polarized Hf in
ZrFe2 lattice can be calculated with known parity mixiné ratio. In order

to'simplify the program'handling} we absorb the parity mixing ratio into

the solid angle correction terms, Gk and take these as parameters.
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PRIGRAM ANIT4(INPUT,IUTPUT)

DIMENSIONW

1014)

DIMENSION v'(3)
DIVYMENSION: 2p31(10) 9099 AR(10)

DIMENSION

J(a)sA(4e3)

COMMON/PARIN/JeS9A,J49 IDE .

PA]1)=G ()
PARI(2)=G(?)
PARI(3)=G(3)
PARI(4)=G(4)
PAR(D) =AZTH
PARI(H) =RATID
PAR(T)Y=H_
PARE) =TIM?)
PAR(3)=S p>°
PAM1p)=3a7K

ACTIVITY AT

SNEFFICIENT
COEFFICIENT
SHEFFICLENT

COEFFIZIENT

SOLID ANGLE
SOLID aNGLE
S0.1D aANGLE

SOLID ANGLE

ccoaecwlov
cCORecTlowV
cCORECTION
ccoaecwlou
TIME
MIXIN3 WUTID OF GAMMA RAY ONE LDO<ING aT
40LF LIFE JF ISOMERIZ: STATE IN HIOURS
INITIaL TEM2ERATURE ASTZIR DEMAGNETIZATION
RATE NF TEMPFRATURE RaISE AFTER DIMAGNETIZATION

FLlLoLv) =F1CIEFFs AF GAMMa RAY L AND Lo

A(lo1)SFLC1ol)y Alye2)=F1(192)
A(291)8F2(19]1)

A(l93)=F1(292)

Al292)2F2(192)y A(2¢3)=2F2(292)

A(391)=F3(1el)e A(392)2F3(192)s A(343)=F3(2+2)

TA(a1)=F A (101D

A(642)=F4(192)s A(%93)zF4(242)

"9 FOIMAT(2771,5)

10 FOIMAT(F1n,5)
11 FORMATILAX,4IHTEMP TV <

wi on) N( 9¢b) . vy AY

12X'91AVI>T’0’“9’X’104AVI:TRO°Y1//)

12
13

FORMAT(1AXyF10459F10.5¢F17e5 Flia59F15,5, F1005+F1045)
FOIMAT(/// :K!luHPAQ(Z)s

sFQ0.5o=X¢10HPAR(4)" TFlee5//)

16
15
100
191
192

103

FOIMAT (481 -

FOIMAT (] 41 95%94810)

FOIMAT(B71 143

FoIMAT (4707459

FOIMAT(F1In,2+F2ueln)

FO?MAT(S(,>v4|¢“* £RR0R N T4EORY),

J==1

X:J.\)

READ 101,

READ 192

READ 100,

P AR ):o.o

PA2u§)-o.o

DAR(5)=1.0
6)=0.0

PA?M7)-5 s

PAR(I)=C,0

PARALC) =240

READ 15y TT

Dovggg K:j,a

READ 149 1

READ 99 2A21(2) 4PAR(4)

PRINT 15, 1D

PRINT 13, 2R3(2)9Pa(4)

PRINT 11

Do 1 I=1le120

AI=FLOAT(I)=1,

(J(Dyslzyes)
Se JH
((Q(I'J)oJ=103),l—196)
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PAR(B)ETI+A]#0,001
Jo 2 1DE=},p '
 Cadl TﬂE)Rr(Jox.PA4.Y(In ).D=AR)
2 CONpINYE .
o DYEY(2)=¢()
AysY(2)+y (1)
ANSODY/Y (1)
AML=2,#Dyy/8yY
PRINT 12, DAQNB).Y()),Y(Z)oDY.AYoAvbANI
1 CONTINUJE
50 T2 993
- 9938 PRINT 103
999 CONTINJE
Ef‘t)' . ’ :
' uAJTfO\J - STATEMINT NUWRIR 938 NEVIR USFD
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SU3ROUTINE THEDRY (JeXs38R,F 9 IPAR)
REAL LN2sLy
DIVENSIONV 21 (4)9P2(4)923(4) 924 (4)
DIMENSION 283(17)93P8aR(10)
DIVENSION 51 4) 9 J(4) 98 (4,3)
COMMON/PARIN/UyS9AyJ1nIDE

PL(IDE)=Z05(IDZ=1)&3)
P?(IDE)-w.s“(BG(COS((IJF-1)°9n))“"? 1.)
93(IJE)-~.>*(5.’1C)S((V-l)’9o))““3 3’cos(N 1) 839

P4 (IDE)=1n,1235% (35, #((COS((N-I)“QO))““@ 3#(20S((Nel )3
N=1DC

P1I(L)=1,
P1(2)=0e. -
p1(3)="1.
D](Q)-Do

3 l.s
92(3)-10
P2 4)==p,5
P3(1) =1},
P3(2)=0,
P3(3)=-1,

RATIO=PARU(4)
ALEPAR(T)

TEYP=PAR (R)
SLIP=PAR(9)
BACK=PAR(11)

)) ##2,3)

Al-(A(lol)o].°QATIQ'A(1vZ)*RATIO““’“A(]03))/(1-°QATIJ#*2)
« MULTIP.Y OR DJIVIDE 3Y 4y

ARz(A(291) 42, »aA711~A<>.a>.RATIO““?~A<2,3>)/(1 AT Y0 ED)
A3z (A(s.l).l “RATIDOA(3'2)oRATIO““Z‘A(3o3))/(l oRAle»az)
‘@ MJLTIP.Y OR JIVIJE 37 1

A4z (A{Gy))e2, “RATID“A(hoZ)ORATIO“#agﬁ(QoB))/(].’?ATIDGﬁa)

3ETAZ14/(]138.09TEMPES)

BETAL=BETAZ L] ¢+SLO>#x)

3zJHeBETAL

Cis= SQRT(3./((S¢I-)~S))

C233.%5Q3T (5. /(5% (541,) 8 (5,#5= l-)“(2.4503o)))

€3=5.45Q2M (7, /((509.)*(2.~S¢3 Y#(Se],)aS8(2,85=], 1e(Se14)) )

F1%1e

L= 20“5'“)
20 1" I=1,L
F1=F1%]

1 CONTINVJE

- 1S ONvE STAquguﬂ DI WITHW OUT pAR=NTH51> ,aoup CORRCT
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.F2.=1
L=2.%5¢5,
DO 2 T=1,1
F2=F2%*1
2 CONTINUE

- 1S ONE STATEMENT DO WITH QUT PARENTHSIS GROUP CORRECT

oo

TF(S5=2e) 34244
4 C4=SQRTIL 2. *Sfl )¥FL/F2)

GN T S
3 C4=0.

5 S0=0.

S1=0.

§$2=0.

$2=0.

S4=D.

$5=0.

) Sl].:Oo .

$21=0.

€31=0.

S41=0.

5$51=0.

NL=2+.#%S+1.:

DO 6 K=1,4,NL

AM=K=]1,-S

EX=EXP {=AVM%B)

SO=SO0+EX

S1=S1+AM*EX

S§2=S 2+ ANk 2%k EX

S3=S3+AMRNKIREX

S4=S4+ AMKXGREX

S5=S5+AMRASREX

AMX=(=~AM)RE X

S11=S11+AMX

S21=S5214AMKAMX

S31=S314AMER2RAMX

S41=S41+AMKEIEAMX

$51=5S51+AM¥ % 4%/ MX
6 CONTINUE

B1=(1%S1/5S0 .

BZ-CZ*(SZ/SO-S*(S+1.)/3 )

B3=( 3% (S2/SC—06e 2k (3% Skk24+3 ,%5~1. )*Sl/SO)

B4=C4% (210.%54/S0-30.%(6.*S¥k246.%5-5, )*SZ/SO+18.*S*(< -1. )*(5*1.)
1(S+2)) :

IN2=ALDG(2.)

LT=H. *60./LN2

T=X/17 '

E=EXP (~T)

FC= (l-*Al*Bl*((l)*U(l)*Pl(!DE)+
1 A2%B24GL2)%U( 2)%P2(1 DE)+
2 A3%B3G(3)%U(3)*%P3{(TDE)+
3 A4*84*6(4)*U(4)*04(1DF))*ALTO*E

F=FO+BACK

IF(Y) 10,11,11

11 CONTINUE

DERTVATIVE OF F
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DPAR (1 )=AL1*B1*U (1)%PLIIDE)*ACT O*E
DPAR(2)=A2%B82%U {2V P2{TDE)*ACTOYE
NPAR (3)=A3%3 3¢ ( 3)*FPI(IDE)RACTO*E
DPAR (4 )=A4%34%) (4 V%P4 (IDE) *ACTO*E
opro(%)-(l.rhl*ﬂl*c(l)*U(l)*01(105)+
1 A2%B2¥G (2)%U(2)*P2(TDE)+
2 : ASXR3%G (3)2U(3)*P3(ICE)+
4 ' AGRD4XG4)1%U(4)=P4(IDE) )I*E .
DAL=2 % (=RATICKA (1, 1) #{1e=RATIN®%2) %A (1, 2)+RATIC*A (1, 2))
DA2=2 % (~RATICRA (2, 1) (L e=RATIO®%Q2 ) XA (2,2} +RATICRA(2,2))
T DA3=2 A(=PATIONA (3, 1) 4(1a=RATTI(FR2)FA(3,2)+RATIC*A(2,3))
DAG=2 * (=FATIORA (G, L) #{L o =RATTO*%2) %A (44 2) +kATTO®A (44 2))
DPARL6)=(DA 1XBL*G (L)*U(L)¥PLIIDE)+
1 DA 228 2%G (2 )1*U(2)%P2(INE) +
2 NAZXB3I%RG(3)%(3)%P3(TNE)+
3 0*4*84*h(4)*U(4)*P4(IDE))*ICTO*E/(1.0RATIP**2)**2
DPAR (T )= (T/HL)I*EN
C2F=0e 2% (3. %5%%243,%5-1,)
CA4F=30 ¥ (6 ¥SHE246,%S~ 5.)
DRT == /TEMP
DSOT=S L1%DBY
NS1T=521%0D8T
DS§S2T=S31%DB T
DS3T=S41*DATY
NS4T=551%087T
DR1T= c1*(so*0511 ~S1*DSOT)/SO%* 2
DR2T=( 2% {SC*DS2T-S2%DSQT )/ SC%2 .
DB IT=( 3% ((SCXOS3T=-S3*%DSOT) /SO0**2~C3F*DBLT/C1)
DB4T=C4% (210.%(SO*DS4T~ S4*DSOT)/SO**Z-L4F*DBZT/C2)
DPAR(8)=(AL%DBLT*G(1)*U(1)*PL(INE)+
A2#DB2T*G(2)%U(2) *P2(IDE )+
A3%DRITHG(3)*U(3)*P3(1DE) ¢
A4*DB4T*G(4)*U(4)*P4(IDE))*ALTO*&
$S=(1le #+SLOP %X)
DBS=~B%X/SS
DSO0S=S11*DBS
DS1S=S21*DBS
DS25=S21%NB S
DS35=S541%DRS
DS4S=S$51%DBS
DR1S=C 1% (SO*NS1S-S1%DSOS) /SO%*2
DB28=C 2% (SO*DS25-S2%DS0S )/ S0%%2
DR3S=( 3% ( (S CADS3S-S3%DS0S) /SO%*x2~(3F*DB1S/C 1)
" DR4S=C4%( 210. *(SO*DS4S—S4*DSOS)/SO**Z-LQF*DBZS/CZ)
DPAR(9)=(AL*DB1S2G(1)*U(L)*PL(TIDE)+

W N

1 A2%DR2S*G(2)*U(2)*P2(1DE)+
2 A3*CB3S*G(3)*J(3)*P3(IDE)+
3 A4*PB4S*G(4)*U(4)*P4(IDF))*ACTO*E

DPAR(10)=1.
19 CONTINUE

RETURE

END



7 CM APART HF1B0M&44xEV -

PpR2)=" eJ7E50 PAR(4) = «91100
TEMP IV K N D) #{ 91D) Dy AY ANTSTROPY ANISTRIPY]

T L0p100 11037 1,24679 1,13842 1,3591% 15,31499 1,67519
.06200 J120%6 1,2483%  1,12732 1,36885  9,3632:  1,647939
«00300 149931 1,24700 1.037,9 - 1,39691 7.31813 1.57073
00400 1904 1,2%450  1,05419  1,434% 5,53617  1,45923
.00500 L23432  1,2%091  1,00659  1,47574 4, 28445  1,3633)

T .00000 0 L2793 1.2363¢ .93677 1.515%90 3,42237 1,2%9231
00700 .. 432272 1.23039 .97798° 1,55382 2.81178 1.1687
.C0800 36413 1,22875 .B5052 1,58R88 2.36353 1,;8%33
.00%00°  .4p5239 1.,218)4 «B1515  1,62¢93  2,02327 1,00578
«01000 - «43915 1,21091 oTT176 1.65006  1,75741 493544
.01100 47237 1,23349 L73053 1,67646  1,564455 WB87154
03200 WS0447 - 1,1359p  ,63143  1,70037  1,37062 81328
«01300 +53378 1013823 63445 1.72202 122635 . ,7%009
«01400 - ,56107  1.13037 61950  1,74165  1,10414 «Tileg
.01500 58647 1.,17390 +58653 1,75947 1.,00010 .~ ,65667y

- 401600 61012 1.156386 555644 1,77568 91038+ ,625%
«017p0 - ,63215 11,1583 .52615  1,79445 .83233 58773
.01890 «65257  1,15126 ,43859  1,8p3% ,76392 .55278
.01900 +6713¢ 1.15%447 L47266 1.81627 « 76357 252048
«02000 - 468955 1,13733 44829 1,82758 .65003 . L,4303%
02100 70629 1,13157 .,42538  1,8379¢ 60227 «45238
02200 .72193 1,12558 . ,4p385  1,8475) 55949 L43719
.02300 , 13633 1,11997 ¢ 38364 1,85639¢ .521p1 - 41334
02400 - 74988 1,11433 ¢ 356465 1,86441  ,48627 W 37117
.02500 76255 1,1,936 .3468) 1,879} .4548¢ «37054
.02600 JT744G  1,11446 . 33006 1,878BS°  4262) «3513¢

02700 78548 1,03930 L1432 1,88528 L40016 033364
202800 + 79586 1,03539 29952 1,8912% - ,37635 31675

02900 LB80539 ' 1,09121 ,285582 1,89679 +35455 237116 -
«03000 81471 1.03725 027254  1.95196  ,33453 023639
.03100 .8232p6 1,03350 025024  1,90676 31611 27237
«03200 «83129 1,07996 ,24867 . 1,91125 «29913 25021
.€3300 + 83884  1,07650 023777 1.9154% +28345 .2482%
.03400 ,84533  1,n7343 ,2275¢ 1,91935 - 26893 4237136
«03500  +83250 1.070%2  .217B2  1.92302 . 25547 022533
.03600 «B5889  1,n5757 .2n8BsR  1,92646 ,24297 2216565
«03700 86431 1.05437 020007 1,92968 .23134 20736
.03800 87039 1.n%232 .13193 1,93271 ,22051 . ,198%9
.03500 «87556  1,~3939 «1%424  1,93555 21040 417037
.04000 «BBS3 1,05750 .17636 1,93823 L L,20095 ,1826¢
.04100 ,88533 1,9355%2 17008 1,94 75 L15211 o17527
.06200 .88978 1.05335 . 15357 1.94313 18383 .15835
04300  ,89399 1.05138 1374y 1,94537 17606 ,15132
.06400 L,89737  1,04952 15154  1,964749 .16876 . 15563
.04500 90175 1,0%774 .14599 1,94949 216199 L14978
04600 490533 1.04606 164072 195139 . ,15544 016423
04700 , . ,90873 1,04446 .13572 1,95318 .14935 »13897
« 04800 «91196  1,0:232 »130% . 1,95488 .14361 #1339n
+ 06900 «91503 len%d47 12644 1.,95649 13818 412925
«05000 «91735 1,0%008 12213 1,95802 - ,133p5 212475
«03100 «92972 1,03876 .11803  1,95948 12820 °  .12047
., 03200 .92337 1,0374%9 ,11413 1,96086 ,12360 s1164g



+05300
.05400
.05500
63600
«05700
»L3800
. 03900
L06000

.06100

05200
«653900

05400

«05500
« 06600

05700
.06800
.05%00
.07000
,07100

07200

207300
07400
«07500
07600
«07700
07800
07900
68000
08100
«08200
«08300
08400
.08500
«08600
«08700
.08800
.08900
«03000

09100

039200
.09300
09400
.09500
.09600
«03700
03800
.03900

«+10000

.92539

.92829
293058
932177
«93486
93636
«93877
094050
,962364
e96402
294553
L9717
.2485%¢
95006
95142
095273
«95339
,95520
295636
,95748
,95856
»9595¢0
«560950

« 96156

296249
. 96339
096426
«955)9
« 965739

096658

V96744
.96817
.96837
+ 96936
«970p22
«97¢36
e 97148
,97228
,97256
«97323
.97378
«97431
«97432

97532

«97581
,97628
97674
97719

1.03629
1,n3514
1.03“04
1.03239
1,03138
1.031972
1,03010
1.02322
1.0?837
1,0275%
1.0?51§
1,0%934
1,02532
1,02%53
1,02337
1,02333
l.02272
1,02213
1.02156
1,02192
1.02D$9

"1,n1938

1,019%5
1.01992
lan1836
l,01812
1.01770

"len1729

1,01637
l,n1651
1.01614

- 1.n1578

1.0154%3
1,013510
1.0[“77
1,0]446
l.01415
l.01336
1,01357
1,01329
l.013)2
1.01276
1.01250
le01226
l.012)2
1,01178
1,n01136
l.ntl34

-84-

«11040
13695
«10346
«10022
03712
«03416
+N3133
EL-LY)
.08693
« 03354
.03116

.07887.

.N76587
07457
.N7254
07060
,09873
. 06693
. 06520
.15354
005493
.05038
«05889
05746
«N3607
JN3473
« 03344
«N3220
03079
6983
« 048790
« 04751
.N4656

14554

¢ 04455
o04360
.042567
«0%070
«084006
.N3924
.N3845
.03768
«03633
en3621
NEEEY
.N34872
«03415

1,96718
1,96343
1.96462
1.96576
1,96684
1,9678R
1,96887
1,96981
1,97c72
1,97158
1,97241

1,97320"
1.,97396

1,97469
1,97539
1,97606
1,97671
1,97733

1,97792

1,97859
1,97905%
1,97958
1.98009
1.98358
1.98106
1,98152
1,98196

1,98238 .

1,9828¢
1,98319
1,98353
1,98395
1,98431
1,98466
1,98499
1,98532
1,98563
1,985%4
1,98623
1,98652
1.9868)
1,98707
1.,98733
1,98758
1.98783
1,98807
1,9883)
1,98652

«11924
.11510
11117
10744
»10399
.10051
09729
09422
09129
08869

.08582

,08327
.08083
«07849
«07625
07410
07204
07007
.06818
. (06636
. 06451
.06293
«06131
.05975
.05826
.056R1
.05542
«05408
.052179
« 05154
« 05034
06918
06805

N YX-EX
. 064592

L6431
.N4392
04237
.04295
.04116
04030
.03946

" 03865

,03787
003711
,03637

403565

03495

.11253
«10884
12532
123136

+N3IBTa
e 093570

.03278
L 03938
.03730
«N8474
«03229
L0793%
07759
037552
. 07345
«NT145
«19954
«0877p
« (5533

s 05423

e 5259
«05101
« 63940
«03802

203695

03524

«03333

005256
. 03143
«05025
04919
204810
14633
«24539

oQ“aqg

«04392
.N4238
04207
204119
«0%033
«03593p
»03879

1037;2

003716
«03643
.03572
203502
0« 03435

i
i
3




10 CM APART HF180M444KIN

PAR(2) =

TEMP INi K

,00100

.00200
+00300
00400
«00500
.00600
«00700
- 00900
L0100V
.01100
01200

01300

+01400
+61500
.01600
01700
.01800
.01900
.02000

02100

L2200
.02300
02400V
.02500
.02600

02700 -

02800
. 02900
» 03000
. 03100
+03300
03400
. 03500
- L,03700
.03800
+03960
«04000
L0%190
L06200
.06300

«04400

204500
06600
04700
.04800
+04900
+02000
+05100
.03200

238520

LK QD)_

03179
010218
013249
«17414

C«2193¢

. 26576
31026
'35251
039223
,42936

46395

e 49615
52610
,553%6
 .57937
«60379
62643
66734
,66632
68438
70132
JurTe
. 73247
e 74624
.75912
77115
.782%2
« 79296

«B0284

«B1209
.82833
«83659
,84379
85056
85634
862394
86851
«873935%
« 87990
.88377
.8R828
«8925%
«896359
~J900%2
090405
«90750
91077
+91388
$91634
¢91956

92234

" PAR(4) = 33120
N 91)) Dy AY
1.2%34%2 1,13764 1,34321°
1.24938  1,1463¢  1,33127
1,24736 1.11536 1.38034"
1.240596 107142 1,4197n
1.2%217 1.02237 1,46197
1,23777 97201  1,50353
1,23248 .32222 1.54274
1.22b4%4 .87393 1.57896
1.21932 82738 1.61205
1,21274 .78339 1,66210
1,21535 JTelég 1,66931
1,12777 .T0151 1.69392
1.13029 «565339 1.71620
1,1324%1 .62B46 1,73637
1.17431 ¢53494  1.75468
1,15733 55334 1.77131
1,15033 .53359 1,786456
1.1323% .50550  1.80(:28
1.146)9 47927  1,81292
1,13951 L43652 1,82449
1.13319 43127 1,8351¢0
1,1°2714 40963 1 ,84486
1,12138 .33891 1,85384
1.11338 350954 1.86213
1.,1105%6 .35155 1,R6978
1.1-371 .33455 1,87:86
1.0365% +30358  1,4895;
1,09232 23948 1.89515 .
1.n03832 .21622 1,90041 -
1.034%33 « 26375 1,92831
1.0302% 23251 1.9p988
1.07755 024036 1.91414
1,07%34 23055 1,91813
1,07129 .22073.  1,92186
1.0584%1] «21148 1,92535
1,n5658 20274 1,92863
1.053810 .12649 1.,93171
1,050564 .13669 1,9346¢
1,n3832 17932 1,93732
1,05611 .17235  1,93988
1.03%32 .15574 1,96423¢
1.05823 013949 1.,94458
1.0501¢6 .13356 1,94673
1,04835  ,14793  1,94876
1,0465% .) %259 1.95069
1,0%3)1 13752 1,95251:
1.04%34%7 13270 1,95424
l1.0%139 .12811 . 1,93%588
1.0%059 12375 1,95743
1.03925 e11939 1495891
.11563 1,96¢31

- 1,03737

-85-

ANITSTRODY

12.,61216
11,224 6
8,41866
5.15272
4,65136

1,65753 -
2,97246 .

2.47914
701(199“
1,82456
1.59800
1.41411

1,26209 ¢

Y.13448
1.02598
.932MT
.85180
« 78104
.71874

66356 -

,61442
.57046
.53096
«49534.
46310
.43383
Jeu718
38285
.36057
W34014
«32134
30452
~1288C3

,27323

.25951
24678
L,2349¢
«22391
«21362
20401
J19541
.18659

.17869
217127

C ,16429
. «15772
«15154
.14570
«14018

L13497

«13004%
s 12537

ANISTRIPY]

1,72526
1,637352
1,616)57
1053937
1.,3385%>
1,2329R
1,13537
1.10637
l,026T5
954113
,83827-
.82839
. 17379
. 12387
6781
63677
53738
55159
.52873
43825
c4700?
44386
261937
e 33711
37603
03363,
« 3383
e32134
.3053n
e 29070
,27636
223177
«24039
«2297
21957
«21026
23136
«19390
J13312
W17759
« 17057
215493
213776
.15182
,156191
¢ 14096
«1353¢
«13100
12644
612210
W11738



00§300
«03400
«0535¢0

005600

05700
.05800

«035900..

. 05000
«05100
,06200
« 06300
.05400
«G5500
.06600
.05700
. 05800
05900
+CT0UO
07100
«07200
07300
07400
07500
207600
«07700
<07800
.07%00
«08000
.08100
. 08200
.08300
03400
003500
- .08600
.08700
.08800
+ 08900
.03000
L03100
.09200
. 03300

«03400 .

+03500
«07600

L.09700

«03800
+ 09900
«10000

«92439
e 92733
. 92955
«93399
93601
«93735
« 9393y
096138
964327
« 9443
96646
094770

096949

.95078
95219
«95338
«9545¢
.95578
.95632
«95821
e95906
<9608
96105
26200
«96231
96378
«96453
096545
296624
«96721
«967175
96846
«96G16
,96933
297048
097110
297171
97230
,97288
e 97343
97337
e 97448
97500
0375459
97537

" 297643
97639

1003675
1.03559
1,03%47
1;“3351
1.03239
1.03142
1.03049
1 .0’959
l.n2B74
1,02731
1.02713
1.02637
1,0255%4

1,02835

1,02428
1.02353
1,02331
1,0224%41
1.02134
1.n2129
1.02075
1.0202%4
1.01374
1.01927
1,01838
1,01733
1.017531
loot711
l1.n1672
1.01835

1,01598

1001553
1,01529
1,0143%

1,01656

1.01633
l1,014)3
1.,01374
1,01346

1.,01319

l.01232
1.01257
l.01242
1,01217
1,0119¢%
1.01171

1,011453
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1.96164
1.,96292
1,96413
1,96528
1.96€38
1.,96743
1.96344
1,96939
1,97.312
1,97119
1.972013

1,97283

1.,97360
1,97434
1,97505
1,97573
1,97639
1,97702
1,97762
1,9782¢
1.97876

" 1497930

1,97982
1.98-32
1,98.80
1,98127
1,98171
1.98215
1,98256
1,98297
1.98336
1,98373
1.984) 0

1,98445

1,98479
1.98512
1,98544
1,98575
1,98605
1.98634
1,98662
1.98689
1,98716

1,987642

1,98766

" 1,98791-

1,98R14

1,98837

12094
«11674
.11275
10896
«10536
«10133
L9866
(19554
. N9257
L0B9T3
.08732
08443
«08195

.07958"

07730
<7513
207304
07106
0069]1
06727
06549
.06379
. 06215
06057
.05905
05759
.0N5618
« 05482
.05351
. 05226
.05102
06984
.04871
04760
.04654
.04551
L4452
., 04355
.06262
.064172

+04084

« 064000
.03917
.03838
o 03760
« 63685
«03613
«03542
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15 Cv APARTY HF180W444KEN‘

pPaR(2)=

TEMP IV «

.0Q100
00200
« 00300

000400'

000500
< 00600
- 00700
« 00800
«00900
»01000
«G1100
+01200
201300
.01400
.01500

+01600

01700
.01800
+01900
£ 02000
202100
« 02200
« 02300
« 02400
«02500
.02600

202700

. 02800
202900
. «03000

«03100

«03200
«03300
L03400

«03500.

«03600
03700
.03800
. 03900
«06000
$04100
04200
+ 04300
« 04400
004500
,04600
e 04700

.04800

204900
«05000

205100

w(

299200

on)

«08005
.09055
s1215%
e 16337
21046
.25723
302459
» 34545
,38579
42348
2« 45858
49123
.52158
.54979
27623
«60043
62314
e66428B
« 66337
68233
69943
« 71539
¢ 73029

o T6620

75719
« 76934
« 78071
o 79134
«80131
,81055

0819$1'

»82753

283535

84251
«8494%4
85537

.86192

86753
«87392
.87811
88231
«88746
89176
«89583
+89959
»90335
e 90632
91012

91326

91624
091998
.92178

ud ot Pt et pud Gt Pt
* ® ® 9 © » °

DO OO VDO OO

PAR(%) =

d( 91D)

936)6

1,05870
1,03548

z.

P

OO NWO O®
WiV I WU
O N Oib= NSy S

o
[AVR S]]
(AR

+93000

ANISTROPY

1
R

Dy -AY
1.19964 1.32915
1.13815 1,33945
1,12617 1.36924
1.038161 1.40954
1.03139 1.45283
. 93088 1,49535
«93047 - 1,53545
83159 1,57748
.B347g 1,60628
73000 1.63696
oT4156 1,66472
70736 1,68982
.65935 1.71252
.63347 1,73306
. 59953 1,75169
55774 1.76861
.53772 1.78401
+«50948 1,79805
,43292 1,81:87
.43736 1.82261
«4343) 1,83338
L41249 1.84327
.3%189¢ 1,85238
.37238 1.86,77
+35%14 1,86852
. 33701 1,87569
¢3209) 1.88233
.30579 1,88848
.29158 1.89429
- +271822 1.89952
425556 1,90447 -
.25383 1,90909
24299 1.,91339
,23224 1,91742
.22231 1,92119
21299  1,%92472
,20419 1,92803
.13587 1,93114
«18812  ~1,934906
.13059 1,93681
L17357 - 1,93939
15692 1,94183
15052 1,96413
$ 15454 1.964630
.164898 1.964836
.14¢36p  1,95¢30
.13849 1.95214
«13353  1,95388
12901 1495553
12452 1,95710
12063 1.95859.
.116645 1,96000

6.60381
277650

9.26619

6,596564

4.90298
3,8132¢
3,07600
2.552p3
2,16381
1.86551
1.63016
1.43998
1.28332
1415220
1.,04097
.94556
.86293
79077
127132
.67118
,62123
57659
.53650
50037
46770

«43804

«41106
.38642
.36389
«34321
«32421
.306569
«29053
,27557
26172
,24886
«2369%90
,22576
.21537
.2n566
. 19659
.188n8
.18011

T17262

6559
‘15836
.15272
.14683
0164127
.130p1
«13104
.12633

CANISTRIPY]

«23143
«2213?2
«C1181
.23286
e19443
. 186409
«17839
", 17132
15523
.1383
013292
16728
«1418R
»13679
e13135
.12735
e 122938
.,11883>



«03700
+03800
«035900

<05100
05200
05300
. 056400
«08500

T .08600

05700
05800
«059%00
207000
07100
<7200

.07300

L07400
07500
07600
L7700
<7830
w1900
08000
«08100
-03200
+ 08300
«08400

08500

. 03600
.u870¢
.08800
«03%00
+03000
) 009100
«G3200
«03400
03600

«03700°

«09800
}09900
«10000

«924 35

92631

e 92915
.931338
«93352
«93556
e93751
e93937
94116

© . 94237

e 2645]
,946)8
094759
<9494
e 95043

95176

.953)5
095428

95547

95651
195771
95877
«959179
.965178
«96173

.96295 -

« 96353
96438
296521
.9566)1
e 96678
« 36752
96824
,968%¢
9595
o97027
97099

CW97152

97211

97259 -
« 97325

37379
«97431
«97432
e 97532
«2753¢
97627
976172

1.01275
1.012390

1.01226

l.01232
l.01179
1,n1156

-88-

«11255
»,107902
« 11556
.117225
.03909
«N36(7
.N3318
.03042
<8777
.03523
009280
.03047
«07823
NT764R
«07491
.071233
07012
«15%82A
. N5652
«N5482
.15318
'05150
«N5%00R
«N5862

.N372¢0

13598
036452

.035325

«03202
« 05083
00‘968
.n48357

-n‘?so-

.nsb46
«04545
e N2448

04252

.N6173
«040837
«N%003
03922
103844
«N3758
.13634

«N3622

«03532
.1348

1,974
1.97415
1;97487
1,97556
1,97621
1,97685
1,97746
1.97R0¢4

1,97861 .

1,97915
1,37967

1,98¢18

1,98066
1,98113
1,98158
1,98202
1,98244
1,98784
1.98324
1,98362
1,98398
1.9843¢
1.98468
1,98501
1,98533
1,98565
1.98595
1.98624
1,98652
1.98689
1,98797
1,98733
1,98758

"1,98782

1,98806
1,98829

«12186
o11763
.11351
.1¢979

.10615

.10259

«09940

09625

.09326
«09040
. 08756
. 08595
. 08255
«08016
.07737
07548
07357
«07156
. 06962

06776

. 06537

06425 .
< 06260
06101

.05948
« 05831
« 05658
.05522
« 05389
05262
005139
«05020
049356
« 047935
L, 04687
. 06584
.04484
.04387
.04293
.04202

T e0%113

040?28

w3945

« 03865
(3787

wo3N2
<3638

. 03557

«11437
«11129
L1073y
126937
10084
L0375R
«N3459
63133
03310
s 3649

- L,6833R
7.93153

s 7928
L1707
L7439
07232
07034
» 05908

o0o728

005554
« 05336
15225

. «0507p
.05920

03778
e 03637
eu35013
« 03373
e0D324%R
«.N3127

_cOSOlO

04837
L04738
«0468>

096590

. 0443
014335
«N4237
04202
«0%4115

.« 04031

03949
003359
« 33737

".33717
03644
- e03573

«03505
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The input data for computation are: -

18

magnetic hypeifine splittiﬁg UH -8.68686 X 10 — erg
reoriéntation parameters U(k) 1. for k=1,2,3,4
mixing ratio for E3/M2 PAR(6). 5.34522
F(1,1) -0.6124
F(1,2) 0.5345
F(2,1) -0.38132
‘angular distribution ) F(2,2) -0.58248
parameter | o F(2,3) -0.22244
| F(3,1) 0.5393
F(3,2) -0;2746
F(4,1) -0.17271
F(4,2) 0.65953
F(4,3) =-0.10075
solid angle'éorrection o G (1) 1.0000; 0.9990; 0.9970‘

G(2)  0.992 ; 0.9852; 0.9725

G(3) 0.9900; 0.9680; 0;9420

G(4) 6.9800; 0.9512; 0.9110
The pafity mixing ratio ié.varied from 0.01 td 0.085 in‘0.0025 step for
G(1l) = 1. and from 0.010 to 0.080 in 0.6020 step.fér’G(l) =VO.999b‘éhd
0.9970. Alivthe U, are equai.to 1., bgcausé the 501 kéy-tfénéition is K
ééming éut.directly from the'pélérized 8- isomeric stété,

Only one geometry, i.e.,.G(l) = 1. and € = -0.0325 is presented

in the following pages as an example.



100
101
172

cOoM AR CAaC A, ACACC O

lf

11 FORMAT (10X 4SHTEMP IN K

12 FCRN#T(IOX,FIO.5;FlO.S,FlO.S,FlO.S,FlO.S,F10.5.FIO,S)-

-90- .

FR(G‘/” ANTST(INPUT, ”UTPUT)

CIMENSION Y (3)

DIMENSTON PAR(LO),DPAR(LO)

DYMENSTION “U(4)yAl4y3)
COMMON /PARYN/URSeAgUH,IDE :
FORMAT (1H1y 10X, 20HPARITY MAXING pATX

FORMAT(8F10.5)
FORMAT (4F10 .5)

FURMAT(FIC . 2, i-23. 19)

PLF(1)=G(1) SOLIO ANGLE
SOLIC ANGLE
PAR(3)=G(3) SOLTIO ANGLE
PAR(4)=6G{4) SOLIC ANGLE
PAR(S)=ALTO " A(TIV]TY AT
PAK (6)=RATIC MIXING

PAR(2)=((2)

PHRUT)=HL
PAR(B)=TEMP
PAR(9) =S1 0P
PAR(10)=BALK

FI(L L *)=FLLCOEFF,

FOCRMAT(F10,.5)

GAMMA
f‘lyl):Fl(lgl)f ﬂ(1'2)=Fl(lp2,1
A(211’=F2(111)1 A‘212)=F2(1'2)9
P£(391)=F3(1,1)y A(3,2)=F3(1,42),
A‘4'1)=F4(1|1,1 A(4'2’=F4(112)1

CLORECTTON
LLCORECTEON
CCORECTION
CCORECTTON
TIME O

DF GAMMA KAY ONE LODKING AT
HALF LTFE OF ISNMERIL STATE IN HAURS
INITIAL TEMPERATURE AFTER ODFMAGNETIZATICN

FATE NOF TEMPERATURE FAISE AFTER DEMAC“F'TZAT'UN

- w(180D) "

12Xe 9HA SYMMETKYy 3Xy SHANISTROPY// )

J=-1
X= cr'

FEAD 101y, (U{i)s1=1,y4)

READ 102y S,UH

FEAD 100, ((l(!:l’vJ 113)11-114)

PAK(2)=0.992

PAF {4)=C,.98
PAR(5)=1.0
PAR(61=5.34922
PAF(TY=5.5
PAR(9)=0.0
PAR (1M )=0.0

READ 10, T
PX=0.02 '

D' 999 K=1,:1
Bl=FLOAT(¥ )1
PAR(L) =PX+0 J005*R1]
PAR(3)=0.99%PAR (1)
E=PAR(1)*0.5

PRINT 9,E

PRINT 11

DC 1 1=1,100
AY=FLOAT (1) -1
PAR(B) =TI +A1%0.001
00 2 IDE=1,32

ety THFOFY(J:X,PAR,Y(IDE).DPAR)

=4F10.5///7/)

CAEFFILIENT

LOEFFICLENTY

CNEFFICTENT
COEFFICTENT

FAY L ﬁND Le
A(l,3

1=F1(2,2)

Wi

N (2,3)=F2(2,42)
21(3,3)=F3(2,2)
Al4y3)=F4(242)

00)

W{ 9o0r)

AV

[



*a

5

2 CONTINUE - ’
AY=(Y(2)+Y(1))* 0.5
OY=(Y(3)=Y(1))/AY
AN=(Y (2)=Y (1) )/AY
PRINT 124 PARIB) 5 Y(3),Y

1 CONTINUE :

999 CONTINUE ‘
‘ END
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(1) 'Y(Z) 'I\Y'DY,I\N
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UL TV YN B THEOR Y (g X g PAE g by DEAE)
TEAL N2,

PINMENSTION PL04) 02040 47 3(4),Pal4)
DYURSCTON P2 (LAY DPAF (L))
DIMEMSYON G (4),U04) 4 (4,&)

CONMEE IPATTN /Uy Sy g UM T DL

PO DE)=(TS (Y BE~-1)%6C

B20TNE =053 (L0 DE~L)%30) ) **2~ 1)

DI )=005% (50 (CISCIN=1)I90) ) #*3-3%CI & (NH=~1)290

PALINF)I=0, 1254 (35 L(CUSU(E=1)%90 1) ¥ 4=3% (LS L{R=1)*9C) I¥*2+3)
N=T O :

Pl 1)=1l.
PILZ)=Ca
Fi(3)y=-1,
Pztl)=1.
TP2(2)==04.%
P2(3) <l
P2(4)7=0e5
P3(1)=1.
0E{2)=C.
P3(3)=-1.
P3(A4)=T e
r4(ll)=1,
P4a(2)=0e375
D4{3)=1.
P4(4)— 06375
G(lYy=Pre (1)
GE2Y=PAR(2)
CARA)=PARA(3)
Cl4)=0pR (4)
LLTO=0AR(S5)
FLATIC=PAE(6)
HL ?!'/\:' (7}
TEHP=pLE(8)
SLOaP=FAF (G)
NACK=9£P (10) , v . -
AFLl=(A (e YV 0 Lo P ATIORA (L 2) 42T T2, (1, 3))/ (la¢FATINAKX2])

MTICLY OF DIVIDE BY 1

u2‘(h(?pl)bz.*F/T]q*ﬁ(2.£)+FATIU**2*A(2,3))/(I.OTA'IU**Z)
'5’(‘(5,1)*1.*‘fTIP*A(4,?)+PIT‘P**2*A(}y3))/(1 *QPT'P**?)

‘J“lL'(‘PlY 3P CIVIDE BY 1

1<

1

Ha={) (4, 1)*2.*?MT1”*1(4,2)*~AT1”**2*A(4,3)'/(1 RATIORY D)
“fTA‘l /138, CRTENMPES) .
HETAL=RETL/ (L #SLOPXRX)

PRt ET AY

Cl= gh'rT( '/((5”10’*§)) : 7 .

TL2=3. SAPT 5/ (SH (S 414 )%(2.%5-1a)%(2.%5¢3.)))

(3 5*SEETL Ta /UIS*¥2 1M (22543 )X (Sela ) %S% (2, *S 1o 0¥(S-1.0))
Fl=1. ,

1 =2.%=4, o ’ : o . ¥
DT 1 Y =1,L

Fl=F1*]

COnTIMUE :
GO STATEMENT DD WITYH QUT PARERTHSTS GRGUP CUFPECT

e
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.:Fzgl.
L=20“S.50’
DO 2 I=1,L
F2=F2el
2 CONTINVE -
IS ONE STATEWENWT DI WITH OJT PARENTHSIS. ,noup CORRZ cr,

IF(S5=2¢) 3e394
4 C4=SQRT(( >.“Sol.).r1/r7)

G0 TO 5
3vC“=00_

5 S020.

© S1%g.

S2%0e

S30.

54%0e

S5y

S11=0.

S2ls0,

S31=0, -

S4x=00

551300

ML:ZO.S’IQ

Dg 6 K=1aN.|

AM‘K 1e=5
TEXEEXP (=AMER)

S0=S0eEX '

S1=51 ¢AMRE X

S2sS52¢AMpad0K

S3s53¢AMBBIRIX

S4=SeeAMue K

S5 =55+AMBBIRIK

AMX= (=AM) @K
. §11=8114aMmK,

: 521=521¢AMn04u
§31=S31+aMpa2®a X
S41=541eaMau3ngUx
S51xSS51eamMraypaUR

6 CONTINJE
B81=C1#S]/Sn.
82=C20(S’/>1-SD(501.)/3 )
B32C34(S3/35n-0,2%(3,#50082,3,S- l-)'Sl/Qo) :
342C4®(210,%54/50-30,%(6, -s’~206.-s-: )“52/50015 “S“(q 1.)»(5.1,,«

1(5¢2)) _ _ ‘

LN2=AL0G(2.)

LTsHL®#60,/ N2

T=K/LT

E=IXP(=T)

Fesdl, 0Al°sﬂ"ﬁil”1(l)'91(IDE)o
1 AZ'R’*:%Z)’U(Q)“°?(1DE)¢
e 3'83“:43)'0(3)’:3(105)0
3 A‘lBiG:NQ)'U(Q)Q’&([DE))QACTOQ_

F:rboBACﬂ

IF(J) 10e11011

11 COVWINuE

ERGVATIVE 0 I Fi
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DPAR(1)=41#31%J(1)wP]) (IDE)y#ALToE
NPAR (2)=Aa2r32® J(2) P2 (IDE) #ASTosE
DPAR(3)=A3¥B3# J(3)#23(IDZ) #ACTowE
DPAR (4) =04 8a%e )(4)ePs(IDEy#ACTuE
DPAR(S)-(l.4&1*31“-(1)“U(1)“>](IOE)o
1 02832%5(2)RU(2)#22 (1DE) »
2 A3#33#5(3)2U(3)#23(I10E) e
4 A4#3495(4) BU(4)#26 (10E) ) #F
DAIZ2¢*(«RATIO®AT1,1)¢(1,-RATION®2)®0(]42)+RATIO®A(193))
DA2E2,H{«RATIO®A(2,1) ¢ (] ,=RATIO##2) 88 (242)+RATIO®A(293))
DA3E2.#(~RATIO®A(39)) ¢ () ,-RATID#®2) €A (3,2)+RATIVRA(3y3))
' DA»=2.“(-RsTIO#A(4.1)o(1.—RArIo*“2)»A(a.2)oRATIooA(4.w))
DPAR(ﬁ)-(DAI“B]“G(1)“U(l)#PI(IDE)o
1 - . Dpa2RB%G(2)»U(2)#P2(1DE)+
2 © . DA3#83#0(3)8U(3)sP3(IDE) e
3 NAGRBGPG(4) #U(4) #P4 (IDE)) #AT WU“E/(I.OQﬂTID““?)“*?
DPAR(7)=(T/H D uFY
C3IFN.2% (3, ”’)““2‘3 “3"0’
o =302*(6.°3““206 »s-: )
DBT==B/TIM>
Ds0T=8118p3T
DS1T=S218Dal
- DS2T=5314D30
DS3T=S418D3M
0S47=551D30
DB1T= Cl“(SwJSIT-Sj63501)/5(‘“2
DR2TZC2% (g1AIB2T~S2%)80T) /50%#%2
DE3T=C3# ((50#0531-53uDSQTy /Spee2- CBF#DBIT/Cl)
DB4T1=C4% (510 (308D54T=5,¢DS0T)/Sper,aClfwb3,T/Co)
DPAR(B)=(AT#IB1T*G (1) #J(1)*P) (IDE)
A2EIB2T#G (2)#J(2)#P2(10DE)
A3#IB3T*G(3)8J(3)#P3(IDE)
AoPJBaT‘G(a)'J(b)“PA(IDE))“QFTO“E
SSE(1,+S_DokX)
DBS==B¥X755
DS05=511#pak
D8§15=S821#p 46
DS25=5318D36
Ds35=5418D3B
DS48=55]#D3I6
DB1S=C1# (S1#I615=51#3608) /SGes2
DB25=C2%* (S1#)I625=528)5(0S) /SO ##2
DB3S=C3%((5n#DS35-838DSg5) /Souep=C3Fun315/C1)
DB4S=C4% ( 21 1% (S50#D545-54%D5,5)7/S0e#0C4F#D325/22)
DpAR(9)-¢A1~)elsBG(1)»J(l)»PJ(IDE)o
| A2#IB2SHG(2)#J(2)#P2(10LE) «
2 A3#IB3ISHG(3)#J(3)#P3(IDE)
3 493845“5(6)*.}(4)&!’6(10(’-))#ACTO“E
opAR(lo)t‘l .
10 CoVIINUE
RETURN
ENDI

W —
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PASITY -‘{".I\xll NG eATI0 = «02250
TEMP TN K - H(180D) YO 00) - W S0N) A ASYMMETEY ANYSTR2rDPY
+01000 T .48338 0 49286 0 1.32269 « 48862 -e12144 1.69034
01100 . «%0083 251141 1. 37566 $50612 T =,02391 1.5€662¢
.01200 51881 52547 1.28867 e52414 ~eN2034 " 1.44847
. 01300 «53707. 54178 1.27269 54242 -.01975. 1.33¢€42
.14 CT . 55539 e 56612 1.25767 -~ 56075 =.01914  1.22326
.01500 .57354 58430 1.24356 - 57894 -,01Y53 1.13873
L 11627 + 549149 «63219 1.23032 59684  =.21793 1.05241
«01700 60502 «61G57 1.21790 e01434 ~.01734 97377
.01800C 62605 63664  1.20624 «63134 -. 01677 .9C221
L1900 0 L64253 «65304 1.19531 64778 -.01622 .82712
«02000 . 65841 66882 1.18506 e66361  =.01570 . 77793
.02100 67365 +687396 1.17545 <67837 -.i1519 «12406
«02200C c6B824 | 69844 1e16645 «69334 -.01471 «67501
«02300 - 270217 s71225 1. 15300 £70721 -.01425 = 462C3C
«1247" . 71545 . 72540 1.15009 . 72043 - 01381 «5864¢
. .02500 . .72809 - .73791 le 14268 «7330C -.01339 °  .55216
«0260C . 74010 < 74518 1.13570 74494 - 3130¢ .5187E
.02700 75150 « 75104 1.12916 « 75627 -.01262 JARETE
.02800 . 76231 «TT172 1.12303 «167CL - 01226 = L458C2
. 52907 717256 T L78183 l.ll727 - .777190  =-.01192 «42161
L03000° . .718223 «79140°  1l.1l186 . 78684 -.01159 «40728
03100 eT79148 «B0C46 . l.10678 e 79597 -."1128 . 28484
«0220C .80019 . .80%03 1.10199 - 80461 -.01099 L 28410
.03300 .80845 L.41715 1.09749 «3128C -.Clo70 34461
.3420 .81627 «32483 1.79326 82055 -ol10 43 0 4227172
«03500 42367 «83Z10 1.09927 - 32789 -, 01018 R Lol -l
T 403600 « 33069 «83898 1.085%0 «83484 - 004993 26520
« 73708 -83734 . B84¢5 1.03196 SB4142 -.00969 . L28102
L03800° - 84365 «B516T 1.07861 - «84766 -. 00947 s26772
+03937 84963 «851752 1.07544 353589 -.71925 J2€82¢C
04000 «85530 «862CT  1.07245 .35919 -.00905 e 24269
.04100 .  .86068 «36633 1.,06962 <B6451 T ~.J0385 «23284
L4200 T .86580 «873233 1.C6694 86956 -.00866 «227€€
04300 87065 <87806 1. 06441 .8T7436 -.00848 «213212
Y Ssle T .81527 - «B88257 1.76201 . .87892 -5 .2fale
«04500 J5T7966 . 38684 1.05973" «88325 ~-. 00813 «16574
04600 88384 .89C91 1.05756 «88737 -.00797 .18781
AN «438731 .89478 1.05551 . «89130 -.007381 «18024
04800 89160 «898406 1.05356 .89501  ~.00766 .1722¢9
< 04900 «BG521 <9197 1.25177% - 39859 - NT752 ~leeces
.05200 . 89865 .9053} 1.04994 .90198  =,00738 .1601%
«05100 290193 - +90849 1.04426 .90521 —.00726 . .1544C
«5200 . 50507 «91152 1. 046066 +90830 -s00711 214277
« 05300 .90806 «91442 1.04513 - - .91124 . 00699 . J14244
« 05400 . 91391 «91719 1.04308 .914ns - N6HT J1283¢
05500 291365 ° L91683 . 1.04229 . .91l674 -.00675 .13357
"« 05600 «91626 «92236 © 1.04C%  .91931 -, 00663 - .12SC1
L5 TNCG .91876 .92477 1.703969 = 092177 -.00652  «12467
05800 - .92115 " «921708 1.03848 ¢92412 . -.00642 - .12C54
» 0590C «92345 «92930 1.73732 «92637 -.00531 ‘ellee]
06000 . +92564 «93141 1.03621 92853 -.00621 ~1128¢
. 06100 e92775 «93344 1.03515 » 33060 -, 00612 .1CS2¢
«36255 « 92977 93539 1.03413 .932538 - 0602 .10538

« 06300 «93171 931425 1.03316 . .93443 —.00593 «1C263
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c V3G 4

oG54 (16
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«S4 E40
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«953253
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«95¢L961
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«IH ST
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e B6 131
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e V6 15H
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e 26517
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1.73222
1.03132
lc 030/'6
l.. OZ“)()B
1. 02884
1.702807
1.N2734
1.02663
1.02595
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1432466
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et 1975
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APPENDIX III
ANISOTROPY OF GAMMA DECAY FROM 6OCO(Fe)»
60 . . - o
Co(Fe) is the most commonly used nuclear thermometry in low
temperatures. The validity of its thermodynamic temperatufe_scales have
been investigated by Frankel gE_gl,a The purpose of this calculation is

provided for point by point comparison of the external temperatures,

60 180m

Co(Fe), to the internal temperatures, 444 keV gamma transition f#om Hf.
The input data are listed as follows:

. . - . s ' -18

magnetic hyperfine splitting UH 5.4547 X 10 erg

half life PAR(7) 46077 .6 hours

reorientation parameter U(2) 0.93937
u(4) . 0,79772

angular distribution o F(2,1) -0.44772

parameter :

: F(4,1) -0.30438

solid angle correction G(2) 0.990; 0.9855; 0.9537

G(4) 0.960; 0.9522; 0.8518

The results with the list of FORTRAN program except the subroutine
Theory which is exactly the same as. subroutine Theory used in Appendix 11

are presented insthe following pages.

8R. B. Frankel, D. A. Shirley, and N. J. Stone, "The Cerium Magnesium
Nitrate Temperature Scale From Nuclear Orientation”, UCRL~16012, April

1965.
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L PILIGRAMLANMITALINPUTOUTRUTY . L
STHMENSTOW ID(%)
JIAELSIoN: ¢(3) L . L
DTAFENSLION: 28301 1) 99RPAR (1 )

DAk lSIOw L dL6e) e84 3) L .
COAMIINIPARIN/JeSeA Ay TNE

3 FoRMAT (2T ﬁ* 39
b FQQUAT(FI“ S). L P ‘
11 FORNET(LAXe4HTIMP TN wWlooen) 9 QUD) 0y Ay
12X997aNI12T7021Y 7A0104AVT>IQUQX1//)' -
12 FOMATILAY FI0¢39F10.5,F10.5 F1-,5, Fln S Fl” 5,F10.5)
V3 FOMOT (/77 Sx9] aMPAR(D) = 'yF]C,bg)XQ]nNPA?(Q),- 9F1 0877
Ve PQJMAT(4Ai=) - ' '
1S FRmul (14751 5%4a]1 )
b r(,Q\iu\T(B N "e3)
Sl OFCMET (477 1ea)
2 FOIMET(F16,2,F27417)
13 FQRIMAT (S, 2 #¥##& cd20R 1) TAEIHY)
==1
Xeleno :
READ 1ele (D) el=Vee)
JEAL 1,20 3eiH.
READ ‘uOo.((A(I9J)oJ ]")QI ]94)

et

IRLT

Vo

HTIEA Fo NI
o Juve
v G PN I
-~
~
-
l\'I\

r‘?‘-’H‘-llll weon

:EAD Thy LDf - _
COREAD 9e A2 WPAR 4y L A
CRINT 15, [ : :
CPELNY lget2BG)ePaR(eY. L L

oplal 31 ¥

¢ 4 1=l 3o o L .
NTSFLOAT (T =1

PLI(EY=Trerl vy, byl . :
-‘r g IDE ‘]v? . R
_ -k 1461RY(J4 yp A2 Y (TNEY 9D32) - :
2 "(V|lrJE ) :
v EY (o) =vi(y)
CRAYEY (2L ())
CAEDyZy (1)
AR - I A 4
el 1?_. 9/\4(<)vYH)o"(;)vUY.AVvA\lc!\'“
I Coal Tpedee
50 T2 299y
S PRINT 13
459 ”(MWIN'L
-,)
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- 2INCA-ARART. . 08P m - o e e ot - o = e e
FAR(2)E .. 35372 2ARfs)sx .. . .95130.
’ CTEMP LN K A ap) - A 93 % AY C . AwISTROPY NxST-?‘JOH
La3100:. .u?572 .1.24935 .01.17353 0 .1,32507 .15,49932. 1.77162
SNEr-AR W2327 1.,74838 1,137 1,3415%  12,647138-  1,7236»
e e b g3 214129 1,22630 . 1.135585.. 1,38815. .7,.82769 . .1,53239
ROERERY 23553 1,2¢272 1,03750 1,44234 §,n4356 1,432
REEENN 27318 1,23%21. . _ ,75323 1,50939  3,52522 . .1,27625
Lighay L3308 1,22753 .8a941 1,55577  2,63138  1,13633
] sy T G33533 . 1.2179% 281938 11,5157« 205884  _1,2143)
R R ,4352353 1,2 624 ALY 1,63923 1,66012 ,9183
_ s d oGO LHI159. L 1,13510 o .h3341. 1.69680 0 1,.38214 81732
rove S¢8Th 1,13342 63754 1,7292: 1,16832 LT375%
endibl S953; 0 1,17129 .5R639 1 75719 y,00221  _ 65755
L2124 H257e 1.v5072 L3400 L7814¢4 JR6908 61625
LP130 63247 1,13755 43758 1 80252 76260 ,53203
RARED L032937 1,13937 - 63800 nl,az 93  _6T4na L EARA
- LlSur L L7oe3e 1, 13n31l 0 w2336 1,.83707 CeLese L 45156
LLrbG J72058 1 \>1lu L3324 1,85127 T53750 42354
FIANEaY J7302b 0 1.11358 38375 1.8638)]  .486415 33970
JOLEGL JTensyp 1,17337 L3337y 1,87493 . 43827 . 3539%¢0
LR190 .’“Eaﬁ,v_l 03839 31376 1 vgeB2 . 39851 ,3323¢
f2uo JBELGY 1,030 (23167 EEELE 36335 3073,
2oy “.*1’9” 1,733 27173 1 91156 .33344 23570
EYLN JE2TAT 1.»4119 L23R72 1. T9nn67 L3r663 25587
L2300 m3w33 0 107618 L23779 1,91806 . 28287 24732
L2400 T, B4629 1,:7156 22227 1.92" B4 26172 231473
2500 'v,“"n/% 1.05730 © ,2a832  1,92A08 24281 21633
< (200, JBaT46 1, n%333 L135932 1,93 8B4 ?7535. .202%
L2Tu REEEY 1,73976 L18635  1.93817 | L2163 19053
Tk L8271 1 0364l L1737 1,93012 19678 L1796
29T L8942 ]1,03832 S1839)  1.94273 .18428 . 15373
SR N LFIB39 1,83 45 J15686 1,960 4 17291 ,13913
U310 L9129 1 ,n4730 1465 1.9649u9 L16255 L13033
320 L9765 1,74333 L1877 1,95189 .15378 L1422°7
L3300 L1143 1.ne34 J131%) 1,.95447 16440 . 136458a
©340 JAIRIS 1, 1031 0 12436 0 1,95686 Ty3643 0 12773
©35¢ LO2014 0 1,23838 J11879  1.95a57  1p91c 12127
£309., L9744 1,037:6 33304 1.96111 ,12233 L1152¢
L03Tg L92757  1,0135135 T1aTs8  1.963:02 L1160R RN
38, L93ns 1,73373 L 10258 1,96478 11028 L 10652
A 350 L93421 0 1,23222 L3801 196643 Je631 0 ~395R
AR L9377 1,73030 0 03354 1,96797 . 09992 3514
LS IPRY L93933  1,72948 - ,23935 . 1,96941 ,na5?7 ELE
NAYDR L94232  1,72823 .A857] 1,97-75  _0%033 ,n869In
JEERIE L4435 1,22726 0,082l 1,9720]) L0BOBR 13327
Libap L94724 1,22535 - n787Y 1,97219 - 08315 L7374
I REI L24939 1 A2631  ,n7552  1,9743¢ 0 (07955 0763
LT abn L5141 1,~2322 _a72%2  1,9753¢ 07623 . 17343
. TG £93332 . 1.02371 vn89%9  1,97433 ,073)) WNT052
A SANES L5512 1,42213 Y &%) 1,97725 L0717 0 05770
IARADIVEY L95632 0 1,02131 .N5649  1,97812 .)A7ag .05%52n
JERLEG T J9nnree 1,721352 L6210 1,97895 L1643 .N5274

BRI L9363% 151978 _n39%4  1.97973 .h62346 L05045
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The magnetic moment of deformed nuclei contains two parts, Ix’

'GYROMAGNETIC RATIO OF
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APPENDIX IV

1e0m,

the

collective gyromagnetic ratio, and Iy the intrinsic gyromagnetic ratio.

Based on Nilsson diagraﬁ with deformation h = 4, (seé Fig. AIV~1,2), one

' 1
finds that the 8- state of 8

0 ‘ ‘ . '
Hf can come from either a 2 proton state

{7/2+(404), 9/2-(514)};_ or a 2 neutron state {7/2-(514), 9/2+(624) }g .

The magnetic moments of both states cah be estimated from their neighboring-

181Ta

181

177Hf

179

HEf

177Hf

g.s.

g-s.

g.s.

The méghetic moment of deformed nuclei can be described as:

- Nuclei Level

Ta 56 keV

321 kev

of these nuclei are listed in the following table..

Table of Gyromagnetic Ratios

Nilsson State

‘I = K (NnZA)

7(2+(404)
9/2-(5;4)
7/2-(514)
 9/2+(624).

9/2+ (624)

2

K
. ¢ +.
IR TT ¥ 1

(9 -

Shell State

hll/2-

£

7/2

‘1372

1372

g.)

g

(L + 6

EXP IR
2.35%  0.20%°
0.320°
5.290%° 0.203°
7 0.320°
0.61% 0.253°
o.7836f 0.249
-0.47%  0.263
-0.6320% 0.156%
0.19°

K,1/2

(-1

I+1/2

- odd-mass nuclei whose magnetic moments are known. The gyromagnetic ratios

0.778
0.771

1.372
1.365

0.151
0.216

-.186
-.207

- (2T + 1}b ) ... (1)
. Q ) . .
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where .

§ .. =041

K12 =0 if K #1/2

6K,1/2 =1if K = 1/2

—. . = - R = . i = 4.- > - : = =

(g = 9g) " by = (g, = g) <K ;/2|3+|K 1/2> + (g, -'g;) <K =1/2]s [x

g, = 1; gs = +5.58 for proton

gl =,-O;Ags = -3,82 for neutron

j,r s, are raising operators

.Wg evaluate ghg.gK from egperimeﬁtal'aata.of 9x and.uexp; Strictly speaking
6ne mgst use aﬁ éffective,gs instead of the free‘pa;ticlé,gs. In fhis _
région gs(effective)/gs(free) = 0.6. Eut this complication in evéluating
of bé term dréps out in our case where k-= 8. |

The values of gK(?/2) and gK(Q/Z) are obtéihed_by substituting the
known Valueé of nuclear‘magnetic moments and gR's into the Eq. (1). These
calculated Qalues are listed in colﬁmn 7 6f the table, exéept the last
value froh 177Hf 321 kev level‘which is an éxperimehtél datum.

The>intrin3ic“magnetic moment of two'coupled'nucleons Ean be
expressed in terms of its individual,magnetic moments in vector sum:

» _ | : I @+ -1, + 1)
I (D) = 172+ (Gpy + gpp) + (G = i) - C2I(T + 1)

whgre\I = Il + 12.

If I = IIl| + |I then gK(I) can be éxpressed as:

2l

G = {1 -9y + T, - 9,11

-1/2>

-(2)

>
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“are Iy for I =1, and I = I_, respectively. gK(I) means

where gKl ;7 g 1 5

K2

oniy I of a nucleon at spin equal to I. It certainly does not imply that
Ix has an I-dependence.
The results of gK(S) and U (8) based on Eq. (2) and Eq. (1) are

listed in the followiné table.

g g(7/2)  g(9/2) g, - w

| _ 'o.3§39 0.778 1.372 1112 8.
{7/2+(404), 9/2-(514)},_ 0.771 1.365  1.105 8.14
o | 0.3 0.778 1.372 - 1.112 8.83
0.771 1.365 1.105 8.18

0.313%  o0.151  -.186 = -.038 . 0.004
{7/2-(514), 9/2+(624) }_ ~ 0.216 -.207 -~ -.022 . 0.122
- ' 0.3711"  o.151 -.186 -.038 0.060

0.216 =.207 =.022 0.174

In conclusion, the nuclear magnetic moment of the_two—proton state
is 8.33 n.m. and the nuclear magnetic moment of two—néutrqn state'is less

than 0.1 n.m.

%See text, Refs. 51, 52, 53, 54. . |
‘bF.‘Boehm, G. Goldring, G. B. Hagemanh, G. D. Symonds, and A. Tveter, Phys.
Letters 22, 627 (1966); G. G. Seaman, E. M. Bernstein, and J. M. Palms,
Phys. Rev. 161, 1223 (1967). | o
CZ. Bocknacki and S. Ograza, Nucl. Phys. 69, 186 (1965);_
9. prior, F. Boehm, and S. G. Nilsson, Nucl. Phys. Al10, 267 (1968). -

 eH; Hubel, H. Toschinski, E. Bodenstedt, and K. Fréitag, Pch. Roy. Soc.

A311, 181 (1969) .

£s. Buttgenbach Eﬁ.él" Phys. Letters 43B, 479 (1973).

9p. Gilad, G. Goldring, R. Herber, and R. Kalish, Nucl. Phys. A91, 85 (1967).

hE. Bodenstedt et al., Z. Phys. 165, 57 (1961).
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APPENDIX V

ENERGY LEVELS OF 180Hf

Fig. A-V 1 shows the energy 1levels of 180Hf. The nuclear

properties of the level is explicitly expressed in terms of its spin,

périty, and rotational quantum number on the right-hand side of the level.
The multipolarity and electromagnetic property of‘the'radiations in terms.

of E1,M2 as electric dipole, magnetic quadrapole, respectively, is listed.

>
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