ArcH 1977

M1 TRANSITIONS IN THE MIT BAG MODEL
BY

R, H. Hackman, N. 6. Desuwpanpe, D. A, Dicus

anp V. L. TepLITZ MASTER




‘

e

T

”t

Abstract

1S
. . ' > ML transtion:
tmiestigate, in the MIT bag nodel, the
. cocalaulations:
Iving badrons ., we pertorm the following
AR : - camneters
ith a chorce of bag parameter
teonmpate 32 hadron masses with oaood
RN EY
. o v proton ragnet
4 to give the correct values for the g
) LY 2¢ e
masses, MM M. M od My
ol oseveral masses, ! P .
i R . ity ang
PR ooyttt .
. ! Siainy i an untyustwortin appt
Lo . ansitions,
We o coapute the widthe tor 38 Mi-tra
- NOTICE - 3
P, L L TR T EREYERN
RI I vrbib e STaws Lo i Neydur o o
TN e i e Departogen o,
oo st o PRl veEs S ey o e
B I I R T P eruphoers e
EORST ey s e e ey Ik depal |
Ml YL b e sty o pletenses
e e ey SRRy prodint o
v g CPIEMH 13 i1 e wanald it 1
Tt el ared gty |
)
I .
I -
) Ve ol ! o i N P

i
f



I. Introduction

In a series of papersl'7 the properties of the simple,
plausible, well-determined, confined-quark, M.I.T. bag model
have been explored. With only a few adjustable parameters the
model has a variety of successful qualitative and quantitative
predictions. The purpose of the present paper is to apply the
model to M1 tramsitions (A » N + y, p + 1 + vy, etc.).

Within the model, the most extensively studied systems
are static bags, those with s-wave quarks, without radial exci-
tation, and without excitation of the bzg surface. Most of
the work to date has beenm within the framework of the spherical
cavity approximation in which the bag shape is not properly
treated as a dynamical variable and the quark wave functions
are parameterized by a (static) bag radius. The present work

is also within this approximation, and, to a great extent, its

chief result is to illuminate the limitations of the approxima-

tion.
The usual bag parameterization gives a proton magnetic

moment too smsll by about 30%: 1In Section II we introduce

a new parameter into the bag energy, adjust it so that the
proton magnetic moment is predicted correctly, and then recalcu-
late the masses, radii, magnetic moments, charge radii, and axial
vector coupling constants of static bags. In Section III we
calculate baryon and boson, static bag, Ml-transitions. Cal-

culations involving isoscalar, pseudoscala: mesons suffer from

additional uncertainty arising from mixing induced by transitions
to pure gluon statcs. We segregate these calculations into an
appendix. In Section IV we conclude briefly, We include in

our calculations the full panoply of static bags within SU,

symmetrys.
Static bag Ml transitions for a few key cases have been
studied by Hays andU]chla9 and by Katz and Taturlo. These authors

used the usual bag parameterization with the bad prediction
for the proton magnetic moment and thus could not be expected
to get good results for transitions like A - N + y. In addi-
tion, in Reference 10, a simplifying assumption was made in
evaluating the integrals. Related work on non-Ml transitions
to non-static bag states has been performed by Hey, Holstein,

and Sidhull. Many other authors have discussed M! transitions

within other modelslZ

[I. Recalculation of Bag Particle Propcerties

A.  The Bag Model

The calculations of quark wave functions, bag masses, and
bag radii has been reviewed in several placess'7. Its essential
features are: (1) The free Dirac equation is solved for ecach
quark subject to a linear boundary condition that cnsures the
vanishing at the surface of the bag of all (vector) currents
carrying quantum numbers. {2) Color gluon fields interacting

with quark fields are included; their electric and magnetic



energies ave calculated; (3) The total energy is found from add-
ing to the encrgies found in (1) and (2) a volume bag energy

and a zero point energy; (4) A quadratic boundary condition is
imposed that the sum of the quark and gluon pressures balance

the external pressure, B, locally on the bag's surface. For the
/= 0 states with no radial or surface excitations (static bags)
this last step reduces to performing the above steps for varying
bag radius R and then minimizing the total energy as a function
of R. This calculation was performed in Reference 3 for non-
charmed quarks and in Refecrence 4 for charmed quarks. The free
parameters were fit to the N, 4, w, 2 and ¢ masses. Good re-
sults were obtained for ratios of magnetic moments to the proton
magnetic moment. The proton magnetic moment itself, however,
came out too small by about one-third. In calculating M1 transi-
tions it seems clearly desirable to add an extra term phenomeno-
logically, preferably one that has some theoretical justification,
50 as the ensure a good value of other magnetic quantities

including Bpe Kuti13

has pointed out that a confinement scheme
based on a surface tension rather than a volume pressure provides
an alternative basis for a phenomenology. Including both a
volume energy %WBRS and a surface energy 4nSR2 and refitting

all bag masses and radii while adjusting S to produce the cor-
rect value of ¥p is not, however, possible. The bag model makes

a strong correlation between boson and fermion masses and radii.

Within the parameterization of Reference 3, the only differences

between the forms of boson and fermion masses are an extra quark
kinetic energy and different, but fixed, coefficients for the
magnetic gluon energy. Both energies vary as 1/R for bags of
non-strange quarks; up,on the other hand, varies as R. Thus it
is not possible to add any extra term to the energy that has

the same form for mesons and baryons and fit ”p’ Mp' Mw and MA'

A simple term that one can add to the energy, which does
differ between baryons and mesons is CINq - Nal where Nq and
Na are the numbers of quarks and antiquarks, with C a constant.
Such a term is a crude approximation tc effects arising from
differences between mesons and baryons in valence quark, higher
order, gluon exchange diagrams.

With this addition the expression for the energy is

M(R) = Ey + Ej + EQ + Ey ¢ Ep + AE (1)
where the six terms are:
(i) the bag volume energy
_ 4 3

(ii) the finite part of the zero point energy

Eo = "-R— (3)
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(iii) the sum of single particle quark energies
Eq = Ei:u)i (4)
(iv) the color magnetic energy
3.8 %
By = -4ma. T 5 | d°xBj-BS (s)
3 >34,

where a. is the square of the rationalized quark-gluon coupling
constant, a is the color index and i and j are quark labels;

(v) the color electric energy

a i,

3. 7a.za
Ep = Znacz Zi d in-Ej (6)
ag
(vi) the "bag type" energy, not present in previous papers,

AE = C|Ng - Nl (7

EM and EE are evaluated in detail in Reference 3. The quark

energy w is given by

o(m,R) = Rix? « 2312 (8)

where A = mR and x obeys the eigenvalue equation

o 1/2

tan x = x/{1 - A - (xt « a1 (9
Magnetic moments are given by
R 4a + 22 - 3 (10)

Y* 8 Zafa - 1) + 2

where a = Rwu. We recall that for quark mass m = 0, the solu-
tion of (9) is x(mR) = x(0) = 2.0428. We now determinc the
parameters B, Zo. a., m, m., and C by fitting (1) to the masses

Mw' MP' MA' M

c
, and MD and (10) to the value of the proton

2
magnetic moment, bp- In Table I we compare the present values

of the parameters with the results of References 3 and 4., In
Tables Il and [I1 we compare the values of the masses and

radii for baryons and mesons. In general, the fit to experimental

14 of the new parameterization is as good as

particle masses
that of References 3 and 4. It is significantly worse in only
one case, that of the K-meson mass which is now too high by
about S0 MeV. The n meson is similarly too high as it was in
Reference 3; following this paper’s discussion of the effects of
raising the light quark mass from zero, one infers that raising

it in this case would give the K mass correctly and move the n

mass toward 140 MeV, We therefore give a second solution of the
parameters with my not equal zero and adjusted such as to give
proper value for the kaon mass. The paraneters of this solu-
tion (B) are also given in Table 1 and the corvesponding mass

and radius values are in Tables II and IIl. One seces that the



pion mass moves, in going from solution A to solution B, by
about 40 MeV toward its experimental value. Also the proton
radius increases in B to compensate f~r the decrease in the
light quark magnetic moment.

In Table 1V we give values, deduced from the quark wave
function according to the prescription of Table I of Reference
3, for static magnetic moments and electric charge radii for some
particles, comparing with experiment where possib1e14'15.
The axial vector coupling constant can also be deduced from
Table I of Reference 3. Table V gives values for the :orrection
factor to the SU(6) values. For example, for n » pev, the
ratio gA/gV as given by the parameters of Reference 3 would
be 0.653 times the SU(6) value, 5/3, namely 1.09. Our case
B gives a better value, 0.717, so we find gA/gv = 1.20 <hich
is closer to the experimental value of 1.25. Thus one ces
that the new C # 0 parumeterization gives at least as g -od
a fit to these static quantities as the C = 0 parameter zation

of References 3 and 4, while having the important adva' :age of

giving quark wave functions that give the proper u F r some

p
quantities, such as Bar the fit is much better, We wil! use these

solutions in Section Ill in calculating Ml transition rates

but two important reservations as to their creditabilit are
necessary: (1) Both solntions give a large quark gluon coupling
constant, a. = 1, while the expressions of (5) and (6) are
explicitly first order in a.- Inclusion of higher order con-

tributions could make important modifications in predicted bag

wave functions so that the present calculations of M1 transi-
tion rates, while suggestive, cannot be considered definitive
bag tests. (2) For c¢C and 3c states there is little quark
kinetic energy and inclusion of higher order terms in a_ is
considered to be still more important. This is because, in
the absence of outward quark pressure tc balance the inward
bag pressure, one cxpects gluon pressure to provide the chief
balancing force. A treatment using, instead of the approxima-
tion of Reference 3, a Born-Oppenheimer approach is in progress16
M1 transitions involving ct and 3¢ systems in the present paper
must therefore be considered a merely suggestive basis for
comparison with the results expected from the Born-Oppenheimer
approach.

We note that both solution A (q{ = 0) and solution B
(my # 0) are surprisingly accurate for the masses of Ec and
de when compared to the tentative experimental values given
in Reference 14. The "old" bag results of Reference 4 are not
so close. Becausc Reference 4 fixed m, from ¢ while we fix
m. from D, this result tends to give credence to both the
gencral bag picture and to assertion (2) above that the tech-
niques of heferences 3 and 4 and the present paper are less

reliable for the cc and 3¢ states.
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I1X. The Ml Transition Rates

We now calculate the Ml-transition rates. Following Ref-
erence 6, electromagnetic transition rates are given by the
imaginary part of the magnetic contribution to the mass dif-

ference,

-+ -
f dsxdsy sin‘klx - z]

el
I’/Z-Im ——z-z lx_;l

(zm) n,n Bag

<i.nIJu(;.0Hf.n><f.n'IJ"()'.O)H,n'>} 83V

In (11) the sum on (n,n') is a sum over the emitting quark;

both n = n' and n ¥ n' are to be kept. Ju is given by
J,x) = %Qaﬁa(xnuq“(ﬂ (12)

where Q is the charge of the a-th quark . Expanding (12) yields

+ * e s 2
baz(mZ)Qabaltml)umzl'\ O)Um

x X\ .x x\ /w + m\

[
‘[Jokkl/“\kz/\

i 1/2 /27

AT \ (xalx \ Wa, T MmN W, T T \ ;
) ~— 1] — _—

04 R, } 1 \ Ry ; w“l ) k wuz ; ]

Here N, is the quark normalization

1 Ny
valeq ~ R * X

2, o3y, 2
N R

and we have used the expression for the quark wave function

11

(13)
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1/2
G i, )
(15
Tn o - m /2 xr)s oy |
( w ) Jl(‘R‘)°° /

The expression in brackets in (13) takes into account the fact
that the general wave function in the initial (i) and final

(f) bags are different. In (11) we use the expression

eiklx -yl o ® ) 1)
Syt 4mk/§oy(kx)v (ky)

/
x Zlylm(nx)v,mmy) (16)

We then obtain for the full M1l width

2
. e43 .16 P
r = 33k (T)azs“o“ecug (17)
a>g

where the transition moment, Bys is given by

13

1 2.
o TFNalNazf dxx )I(k”
0
X X X x + 1/z -m, (Y2
o a, X\ Uy P \ Yy a
« 1 ( 1 2 ) < 1 ( 1
0 1 R -
{ Rl /, 2 wal / waz /
[

In the limit of k » 0 and R1 = Rz, this reproduces the expressinn
for the static magnetic moment of Reference 3. The magnetic

transition coefficients ng are, as in Reference 6, given by

PQ _ +
CaB mf?mz kf% 2<Plba(mZ)Qabu(ml)|Q>

+ + i +
x <Q!b8(k1)Q8bB(k2)|P>umz° umlukloiukz (19)

The C'3 are listed in Tables VI and VII for the cases of interest
to the present work. In Tables VIII and IX we give the values
of the transition moments, from (18), for fermions and bosons

for the two cases considered in Section II.
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In evaluating the integrals in (11) or (18) it is neces-
sary to choose the value of the upper limit of the integral
and its relation to the radii Rl and R2 in the integrands.

We have chosen the following ansatc: given Ry and Ry, for a
particular transition, from the results of Section II we take
R = %(R1 + RzJ; with this value of R we recalculate the eigen-
value x(R) in (9) and replace Rl and R2 by R everywhere in
(18). Then @ =a, *a. The motivation for this ansatz is

the realization that the static cavity model of Reference 3

is an approximation to the real’ physical situation in which
the bag shape is a dynamical variable with its own wave func-
tion. It should be recognized that our procedure gives a
slightly larger transition moment than choosing R = min(Rl,Rzl.

An important point to notice is that the r-dependence

of the current operator in the transition moment is
. 1.
iy tkr) = Oy
in comparison to the simple static dependence
This difference tends to cut down the size of the transition

moment for kr 2 1. For transitions in this region it means

that experimental static and transition moments provide

15

independent information; it is not true that changing the bag
parameterization to ensure a large R and a correct Hp, 25 Was
done in Section II, will give a large moment for the correspond-
ing transition, 4 + P * y. For a given transition, once kR > 1,
increasing R becomes progressively less effective :. increasing
the transition moment, Mpge Roughly,uTr measures the product
of one large and one small component of the two different wave
functions at r = i while the static moment, ug . measures the
product of large and small components of the same wave function
at r = R,

In Tables X and X1, we give the results of the two {A for
my = 0, B for ny # 0) bag parameterizations for Ml radiative
widths,

The comparison between the predicted and experimental values
for the measured cases (4N, pr, wn, and K*K) is not spectacular.
The 9:1 ratio between ww and pn is a result of w - p degeneracy
in any quark model and no amount of adjusting the model will
ever change it. The aN value is too small, despite our para-
meterization that gives a good value for ¥p» for the reasons
mentioned above. In this regard it is interesting to notice

that all the cases correspond to kR ~ 1.
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IV. Discussion

Consider first our reparameterization of the static bag
model. This gives, as discussed, reasonably good results for
magnetic moments and masses (except for K and, of course, 7n),
satisfactory results for axial vector coupling constants, and
not unreasonable results for charge radii. It cannot, however,
be claimed that there is any evidence for the form of our
reparameterization -- the addition of Cqu*Naf to the energy.

In the first place it might be that the solution of the problem
posed by :he low value of pp lies in an anomolous quark magnetic
moment rather than in a larger proton radius although this

scems somewhat outside the spirit of a quark model. But even

if modification of the static bag wave functions is called for,
our addition to the Hamiltomian is not unique; other changes,
such as paking the constant 2, in the zero point energy different
for baryons than for bosons, are possible. Our value for C

does, however, indicate the size of the necessary change,

The universal slope, a‘, of Regge trajectories is another
semi-measurable quantity. Johnson and Thorn2 have shown that

for massiess light quarks, a' is proportional to (Baclk and

17

that the old bag parameters give a good numerical value when
corpared to slopes derived from particle spectroscopy. Our
reparameterization gives a larger o but a smaller B so its
corrections are appropriately directed. Numerically, however,
at falls for Model A(B) to 63% (55%) of its "old bag" value;
we consider this comparison uncomfortable but not necessarily
compelling.

Consider now the Ml-transitions obtained with models A

and B. One of our m.st important results is probably the veali-

zation that increasinz the bag radius for 4 and P in order to fi:

vp does not give the Ml-transition rate correctly. The rate
for & » Ny is suppressed by two other factors: (1) the maximum
value of the matrix element of the current in Eq. (13) falls
with increasing AR = RA - RN; this tends to suppress transition
moments relative to static moments. (2) The ratio jl(kR)/kR is
approximately 1 - kZRZ/lo ; for A - N this effect suppresses
the transition moment relative to the static moment by about
40% for our parameterization and 20% in the "old bag". The
result of these two effects is that the rate for A + Ny in

the “old bag" of Ref. 3, 200 keV, is not easily brought into
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agreement with experiment. If the rate is scaled upward by Acknowledgement
2 . -
= t
B"p)e /("p)Bag] 2, in a crude attempt to take into account

It is a pleasure to acknowledge stimulating conversations
an anomolous quark magnetic moment, it is still 14 standard

with and helpful advice from Professor Kenneth Johnson,
deviations short of experiment. It should be noted that intro-

dcution of anomolous quark moments in the bag model raises

calculational difficulties in evaluating the contribution of

hadron center of mass motion to momentum dependent terms; the

q in wj auu

qu ¥ is pj - P where p; = -i (aR+ar).

Our value for K* + Ky is well within experimental error
with either the predicted or experimental masses but, since
our K mass is too heavy and the error is large this is, at best,
a modest success., The ratio of n' + py to n' -~ wy has recently
been measured accurately.’ Our solutions for the mixing, as
explained in the appendix, make the n essentially pure s% so
that we can only predict zero for both these decays. Finally
the radiative decays into pions are not, because of the large
momentum transfer involved, expected to be reliable in the
static bag approximation.

In general the available data is much too limited to
make a meaningful assessment of bag predictions or to serve
as a guide for modifications of the model. It is highly desirable

12

for this model and others that further careful M1 measurements

be undertaken.
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Appendix

We treat here Ml-transitions involving the isoscalar
pseudoscalar mesons (n, n', n.). It is generally thought that
within both the bag model and other confinement schemes, these
particle states are dynamically mixed through the SUd-singlet,
two colored gluon, intermediate state. Each is a linear combina-
tion of LL, s5, and cc where LL is the isosinglet combination
of uu and dJ quarks. Our approach, following that of Reference
3, is to make a three parameter expression for the mixing and
to determine the three parameters by requiring the eigenvalues
of the mass matrix, when minimized with respect to the radius
R, to be the experimental masses. This approach suffers from
two difficulties: (1) The cT system, as discussed in Section
II, should not be treated to lowest order in ol (2) One result
of the static cavity approximation in which the radius, R, is
treated as a fixed parameter rather than a quantum mechanical
variable is that the wave functions we find will not be ortho-
gonal if they have different radii. The orthogonality that
they must enjoy by virtue of the self-adjointness of the bag
Hamiltonian with the two bag boundary conditions requires the
R wave functions to check numerically. In the present approxi-
mation bag states having different R's are considered orthogonal

by virtue of the unknown R wave function.
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We write the mass matrix as

E, - M+ 28 V28 /28 \
M- ML = vZB Eg - M+ B B (A.1)
vZ8 B E.-M+ 8B

Here Ey, E;, and E_ are the LL, s5, and cC system energies as
determined by (1) in Section II. M is the eigenvalue to be
determined. B is the singlet state two gluon mixing. The two
gluon state is assumed, by its singlet nature, to couple equally
to ul, dd, ss, and cC states; hence the couplings to LL, s§, and

cc are in the ratio vZ, 1, 1. We paramcterize 8 as follows:
B =a+ bM + % (A-2)

We must solve for the six quantities a, b, ¢, R , Rn" and Rn

n c

We define f(R,8(R,M),M) by
f(R,8(R,M) ,M} = det L[{- MI) (A-3)
We have three mass equutions

f(Ri’B(Ri'Mi)'Mi) =0 i=n,n', "c (A-8)



and three radius equations

JdM _ 5f | af ag, v af | of 2
0=3r =~ bm* sz m I5)* 35358

We have solved (A.4) and (A.S) numerically for the my = 0
bag parameter cases of Table I. The results for Ri’ a, b, and

¢, and the LL, s5, and cC mixing are shown in Table XII. The

mixing parameters are defined as

ai,Lr> + Bi]s§> + vjlec>

No solution to (A.4) and (A.5) was found using the my £ 0

case from Table I. Using these results we may calculate the

Ml widths involving the n's by proceeding as in Section II{

and then multiplying by af, Bg, or yi 3s appropriate for the

quark structure of the meson. It is important to remember to
multiply the pseudoscalar into vector plus photon rates by twe

to take into account the sum over final helicity states. The

results of these calculations are given in Table XIII.

(%]
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I. Values of the bag parameters. Energies are in GeV

and distances are in Gev'!.

I1. Baryon masses (GeV) and radii (GeV'l) for the three
sets of parameters of Table I.

III. Boson masses (GeV) and radii (GeV'l) for the three
sets of parameters of Table I.

IV. Magnetic moments and charge radii for cases of interest
for the three sets of bag parameters of Table I.

V. Correction factors for the SU(6) values of gA/gV'

VI. The magnetic transition coefficients CES as defined
in (19) for fermions.

VII. The magnetic transition coefficients ng of (19)
for bosons.

in Table XII,

The parameters o Bi' and Y; are given

VIII. Baryon quark transition moments, By s from (13).
They are calculated by using the bag masses of
Table 11, not the experimental masses.

IX. Boson quark transition moments, Hos from (18).

They are calculated using the bag masses from
Table II.

X. Baryon Ml transition rates for the two cases of Table
I (Solution A is my equal to zero and solution B is
ny equal to 79 MeV). The rates in parenthesis use

experimental masses for each particle with the
radius of Table II,

Table XI.

Table XII.

Table XI1I.

Boson Ml transition rates tor the two cases of
Table 1.

The values in parenthesis use the exper-
imental particle masses.

(a) Values of the n, n', and e radii and of the
mixing parameters in the parameterization of Equation
{A.2). (b) Values of the n, n', and e direction
cosines along |LL>, [s5~>, and [cc> for the mg = 0

solution.

Ml transition rates involving isoscalar, pseudo-
scalar mesons for the my = 0 solutions of Tables
111 and XI1,



B 20 1 m} m, me. C
Ref. 3 and 4 4.54x}0 4 1.81% 0.55 0 v.2"9 1.551 -
This paper
Solution A 1.21.10 ° 0.567 0.826 0 0. 260 1.506 0.139
solution B 6.6510 > 0.49° 1.16 0.0%9 0.317 1.534 0.139

Table 11
This paper
Ref{. 3 or 4 Soin. A Soln. B

farticle Quarks Mexp M R :A Ry MR Rg
P V77, 0.938 0.938 5.00 0.937 7.34 0.938 8.27
A 4l 1.116 1.105 4.95 1.109 7.24 1.110 8.10
3 s 1.189 1.144 4.95 1.165 7.25 1.170 8 19
: {ss 1.321 1.289 4.91 1.304 7.13 1.308 7.97
N*(a) L 1.236 1,233 5.48 1.236  8.17 1.236 9.61
I* s 1.385 1.382 5.43 1.386 8.07 1.385 9.45
B Iss 1.533 1.529 5.39 1.528 7.98 1.530 9.27
'y SSS 1.672 1.672 5.35 1.666 7.88 1.672 9.10
C, () {l: 2.430 2.357 4.78 2.495 7.65 2.428 8.41
Colhe) c(lf) ney 2-260. 2,214 4.63 2.253 6.84 2.257 7.68
s c(s[)sym 2.507 4.75 2.564 7.14 2.576 8.22
A c(s(}anti 2.396 4.58 2.450 6.75 2.459 7.54
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Table 1I (continued)

This paper
Ref. 3 or 4 Soln. A Soln. B
Particle Quarks Mexp M R MA RA MB RB
T ccs 2.653 4.71 2.705 7.04 2.720 8.03
Xy cc/ 3.538  4.27 3.636  6.43 3.654 7.33
Xg ccs 3.690 4.25 3.781 6.36 3.803 7.15
ct cll 2.461  5.12 2.495 7,65 2.499  8.97
s* c(s/)sym 2.603 5.02 2.633 7.54 2.640 5.76
T* css 2.742 5.02 2.766 7.43 2.778 8.55
X3 ccl 5.661 4.69 3.727 7.01 3.743 8.15
x# ccs 3.795 4.64 3.854 6.88 3.875 7.90
nc cce 4.827 4.21
Table 111
This paper
Ref. 3 or 4 Soln. A Soln. B
Particle Quarks Mexp M R MA RA MB RB
3 ( 0.77 0.783 4.71 0.785 7.30 0.783 8.62
K* /s 0.892 0.928 4.65 0.928 7.18 0.926 8.42
w 74 0.783  0.783  4.71 0.785  7.30 0.783  8.62
4 74 0.018  1.068 4.6l 1.063  7.09 1.063  8.21
K (s 0.495 0.497 3.26 0.545 5.15 0.495 4.01
n 74 0.139 0.280 3.34 0.298 5.28 0.243 4.33
D of 1.865 1.726 2.80 1.864 5.31 1.870 5.71
F cs 1.885 2.84 2.015 5.27 2.022 5.55
p* cf 2.007 1.969 4.18 2.01s 6.59 2.020 7.72
F* <s 2.099 4.12 2.13Y 6.4 2.149 7.44
v cc 3.095 3.095 3.53 3.194 5.60 3.216 6.39
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Table V
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Table VI
Transition q,4, Q93 q;94 9,9, 9,95 4395
N#*->Ny 4727 8/27 8/27 4/27 8/27 4/27
*tazty 4/27 8/27 8/27 4/27 8/27 a/27
120,50 4/27 8/27 -4/27 a/27 -4/27 1/27
I* Ly 4/27 -4/27 4727 1/27 2/27 1/27
4%y 0 0 0 12/27 12/27 3/27
ze0,:0, 1/27 2/21 8/27 1,727 8/21 16/27
=e"az"y 1/27 2/27 -4/27 1/27 -4,/27 4/27
294y 0 0 0 4/27 4/27 1/27
z;**»z:*y 16/27 ~16/27 -16/27 4/27 8/27 4/27
zg**z;y 16/27 8/27 -32/27 1727 -8/27 16/27
z€o¢zgy 16/27 8/27 8/27 1/27 2/27 1/27
z;*,Ac, 0 0 0 3/27 12/27 12/27
Lc+Acy 0 0 0 4/27 472" 1/27
s**ssty 16/27 8/27 -32/27 1/27 -8/27 16727
s**sA’y 0 0 0 3/27 1227 12/27
xa’*4x;‘y 3/27 8727 -16/27 4727 -16/27 16727
xa">xyy 8/27 8/27 8/27 a/23 8/27 a/2°
L8 a/27 8/27 8/27 4727 8/27 /27
TA-TY 16/27 8/27 8/27 1/27 /27 1/27

Table VII
Transition Q9 q4; 4,4,
FES A 12/27 -12/72° /2"
pny 12/27 of 12/27 u; 3/27 a3
WY 12/27 12727 3/27
- 3727 Q% 212727 al 3/2° .,:
w+ny 12/2 aj 12/2 ay 3/ 2]
ke ax'y 12727 S12/27 3/27
k20.x0 3/2° 6727 3/2°
- 3= 4 52 3/27 .;:
d+ny 3/27 8] 6727 83 3/2 N
P+n'y 3727 63 b/27 83 3/27 33
n' *py 12727 A% 11727 ol 3/27 Al
N ey 12/27 a} -12/27 a} 3/27 al
R e 3/27 33 6/27 8] 3/27 &%
-+ e 2 el 2 L3R Kl 3
N *wY 12/2 a3 12/2 ag 3/2 ag
- 2 v 3- H - 2
n.+pY 12/27 as 12/2° ag 3/27 ag
Yooy 12/27 vi 24/2° Vi 12727 yi
Foom'y 12/27 3 28/27 v 12/27 3
¥ oen Y 12727 \é 24727 ,; 12727 y;
prt Dy 12727 212727 3/27
p*0.pY, 12727 24727 12/27
Pt Rty 12727 -12/27 3/27
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Table VilI
Soln. A Soin. B

ay "4, Yay b2y ", Ha
L5913 .5913 .5913 .5586 .5586 .5586
4573 .6600 .6600 .4427 .6476 .6476

4248 .6076 .6076 .4000 .5781 .5781

4527 .4527 .6498 .4352 .4352 .6311

5056 .7252 .7252 .5009 .7235 7235

1563 L7374 7374 .1549 .7586 .7586

1373 6098 .6098 .1305 .5912 .5912

1566 .5070 .7304 .1552 .5102 7474

1459 .4602 6509 L1471 .4705 .6755

1543 1543 6641 1522 .1522 6771

1553 .1553 .4750 .1541 .1541 .4782

1568 .5043 .5043 .1556 .5056 .5056

prTy
wrTY
K*+Ky
D*+Dy

F*+Fy

Tahle IX
Soln. A Soln. B
uql u‘lz Uql qu
.4720 .4720 .4240 .4240
.4730 .4730 . 4243 .4243
.3707 .4938 .3369 .4381
.1494 .5731 .1475 . 5821
L1511 .4299 .1492 .4298
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Transition
N®*+Ny 70070
*erty
£2%5% < 1800
I* Ly

g0y < 2200
0,20,

=# ="y < 360
£0ny

+4 * 4
®
I oI

Table X

Exp.(keV)Transition Rate (keV)

Soln. A
338.51 (338.51)
153.27 (113.06)

30.08 ( 22.13)
1.99 ( 1.50)
222.79 (211.23
158.39 (146.33)
1.86)
2.67)

2.00 (
1.11 (
3.27
1.52
2.67

176.73

22.91
1.46
74.01
4.35
3.96
1.35
.85

38

Transition Rate (keV)

Soln. B
291.50 (291.50)
135.86 (108.10)

26.43 ( 20.99)
1.89 ( 1.53)
197.69 (190.91;
145,03 (137.15)
1.93 ( 1.84)
1.36 ( 2.66)
2.88
1.36
2.26
1€6.17
24,57
1.26
40,24
5.78
5.03
1.29
.73

Transition
¢+my

PRy

weTYy

K*' K"y
K'O*Kov
D"*D‘y
p*%.p%

F"*F’Y

Exp. (keV)

§.7+ 2.1

35 +10
880 :60

< 80

75 35

Table XI

Soln. A (keV)

0
36.54 ( 43.
325.85 (398.
7.45 ( 7.
90.80 ( 93.
1.00 (
27.73 ( 22.
.12

45)
72)
71}
72)

.82)

57)

Soln., B (heV)

]

34.
310.

93.

27.

43
30

.09

94

.07

75

.14

( 37.37)
(344.04)
{ 7.48)
( 81.90)
¢ .39
( 23.05)
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Table XII
(a)
Ry, a b
362 0.696 -0.237
(b)
s a
-0.765 0.642
0.002 1.0
0.117 0.101
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10

-1.09

[

0.053
0.0
-0.988

Transition

¢>ny
¢+n’y
Yooy
¥ ny
Yoon'y
n'-~+py
n'-wy
p+ny
wny
nc*wY
n.wy

oY

Table XIII

Exp.

(keV)

64+10

< 3.5

0.55:0.01
0.152:0.117

< 300

<

50

5013
76+15
3 +2.5, -1.8
2947
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Bag (A)
(keV)
43.72

2.39
21.00

58.33
6.36

0.06
0.54



