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CHARGE DISTRIBUTION OF EXCITED ISOMERIC NUCLEI
AND ATOMIC SPECTRA

/The Nuclear Isomeric Shift/

by
Richard Welner

Abstract

The attention is called on an electric characteristic of
excited nuclei almost unstudied until present, neither theore-
tically nor experimentally - namely the charge distributions of
two isomeric huclei is sutomatically reaiized in atoﬁic spectra
giving rise to the nuclear i1someric shift on spectral lines.

Some general theoretical aspects of‘this effect are here
‘discuSsed, Only odd nuclei are studied. It is assumed:k(A) the
transitions are single-par£1cle ones; (B) validity of the Ro-
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senthal-Briet perturbation theory; (C9 at even—odd nuclei the
effect is due to electroh—neutron interacticn.

Under these assumptionsiit is shown that except the sign,
‘the effect is a pure single particle effect, given by the opti-
cal nucleons. The sign o;_tﬁé shift is generally intimately re-
lated to the whole nuclear configuration. In the case of two cha-
racteristic transitions, it is shown that the order of magnitude
of the effect does notvdepend on the shape of nuclear potential.
'The general formulae of the shift for odd—-even and even-odd
nuclel are given. By specialising for two particular forms of
nuclearipotential (harmonic oscillator and infinite square well),
it 1s shown that there exists a very simple relation between
the shift and the characteristics of the two nuclear states
‘ involved. Numerical applications are given for 5%/Mi“ J?Ulgz_,
= /\73 Lgy’-,-, and pg ¥ ’7 At the odd-even nuclei the theoreti-
”';oal value of the effect is surely within the reach of atomic
épectroscopy (/> 10” c”? . .at even-odd nuclei the shift predicted
is at the limit of spectroscopical measurability (X,IO tu#,/but
the specific interest of the phenomenon lies here in the possible
study of a pure bound neutrcn-electron interaction.

The importance of an experimental proof of the effect which
become a new tool in the research of nuclear structure and a
strong test of the validity of the hypothesee (A) and (C) is em-
phasized.
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Introduction

Excited nuclei are usually studied‘by‘their radloactive
products. But radloactivity 154not the only characteristic of
an exciﬁed nucleus. It is well known that electromagnetic pro-—
perties like nuclear moments e.g., characterize a nuclear state,
too. We should like to call the attention on another electric
- feature of excited isomeric nuclei, not studiedruntil now in
this connection,ie. the charge distributlon, respectively fhe
electromagnetic radius of excited nuclei.

If the present experiments on a given nuclear state,
cannot provide Beside the nuclear radius more than a single‘ﬁa—
rameter of the charge diétribution, the comparison of distribﬁt-
lions of two different statés, may supply.hew information on
this nuclear property in particular, and on the excitation pro-
cess 1In general. This comparison is'automatiéally realised in
nature by a sui generis substraction process in the nuclear -
isomeric shift on spectral lines. In two previ&us4notes*/ this
shift was calculated for CYnlﬂiﬁfand it was shown that the theo-
retical magnitude of the shift 1s within the reach of spectros-
copic measurability, for /‘/9 /g;ﬂl‘/ m, a shift of ~ /OZ’Znﬂldue.

to electron neutron 1nteraction was also predlcted.

*/ R. Weiner; Nuovo Cimento,Serie X, Vol. 4, 1587 (1956),
Studii si Cercetdri de Fizicd, 7, 567 (1956). ‘
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| In Section 1 of this paper the general formulae of the
éhift for odd-even nuclei are given and the dependenbe'of the
shift on the nuclear pqtential and configurationvis studiéd,
- In Section 11 the similar effect at even-odd nuclel is di;pussed.
Oaly odd nuclei will be studied. This is the most important
class from'the experimental point of view because among them
we find the absolute majority of lsomeric nuclei which posess
a sufficiently big lifetime for the experiences here proposed.
We shall restrict our considerations to low single-—particle
excitations for which we shall assume valid the shell modelz/(A).
Tﬁe Breit-Rosental perﬁurbafion theory will be used, with
electronic wave functions corrected as regards the finite exteh—
sion 6f the‘nucleus (B). Only the most penetrating electrons
~will be oonsidered. |
Finally the electron-neutron interaction potential is

taken the form

,I‘

Ve-n =68 (Ln-2,) W

2/ In this paper we shall understand by the shell model, a
single‘particle for deformed nuclel as well as for spherical ones.
The parameters of the potential depend only on the nucleus conside~'
red and not on the nuclear states. (Velocity dependent poténtials
are not studied).-
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where T , | and T, are the position vectors of the neutron
' respectively the electron and 6 \\(is a constanﬁ given by the
scattering‘experiments:(C). R | \
| For the cases above mentioned and withithe assumptions
/A,B,C/ we shall show that besides the sign,{the isomeric
shift is a pure single-particle effect; given only by the opti;
_cal-(external) nucleons . It is verified in two characteristio
cases that the orderzof magnitude of the shift does not depend

on the nuclear potential assumed in the shell model.

I. ODD-EVEN NUCLEI (OPTICAL NEUTRONS)

1. Perturbation Theory

The influence of the finite extension of the nucleus on
the atomlc spectra is reflected in various phenomena as isoto-
pic shift, hyperfine-structure (h.f.s.) etc., and special me- |
thods were elaborated to interprete these effects theoretically.
The ébove mentioned methods are based on the’perturﬁation theo-
ry, either under‘the usual form devélgped by Rosenthal and’

3/

Breit”™ , or under the form of boundary conditions perturbation?/5/

3/ J. RoSenté15 G. Breit: Phys. Rev. 41, 459 (1932).
4/ J. Smorodinsky: J. Phys. (USSR) 10, 419 (1946).
5/ E. Broch: Arch. Mat. Naturvidensk| 48, 25 (I946).
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We shall apply the method given inljJ to calculate the elec-
tronic wave functions ’0‘; the charge distribution will be assumed
uniform through the volume of the nuclaus. Ih this way we take
in account grosso modo the influence of the finité nuclear ex—‘
tension on the electronic functions. But these functions must be
considered unperturbed functions since they do not reflect the
nonuniform character of the chargé distribution and ellthe less
the variation of the distribution by the excitation of the nucleus.
The determination of the perturbed functlons 1is equivalent with the
.rigorous solving of the problem of the elect:on motion in the
field of the nonuniform distribution. This can be made only by
numericalkintegration and 1s not of great interest, because of
the approxiﬁati#e form of the nuclear charge distribution given
by the shell model..

» It is worthwhile to mention that the q) functions calculat-
ed starting from e uniform charge distribution give relatively
small correctlons (10420%) in the isomeric shift at odd-even
nuclel, in comparison with the Racah functions; this situation is

changed at eren~odd nuclei (See section II of this paper).

3/ J. Rosenthal, G. Breit: Phys. Rev. il, 459 (1932).



It is clear that the only part of,q) interesting in~our
_problem is the part corresponding to the interior of the nucleus.
For A ‘electrons, the uniform charge distribution leads to the

Dirac wave function.

[9l*=¢ \c[/ (y/&)x+(f//0+0//z/*)x 2

where }A %o(, A= e/;‘tc X = VD/R ‘ | R being the
nuclear radius. The constant C 1is determined by matching (2)
to the exterior functions and by the normalization condition.

One obtainsG/:
C

1

2 _ & -2 2 : ' |
G/HQ})SO/L(O)[_, _/l/R RS (3

with

[

L= (1) (a0)(5+0-1)8"" @
O, 1is the radius of the first Bohr orbit, Vgch(o) - the
value of the Schrbdinger wave function in the origin. The further
notations are: O¥= (1-27%%) 2 %, é{ J%R/O
;-—ot“z/d( (l) /X (/ where X 1 and X 2 ; are the dimension-
less Dirac wave functions q) C [3X '*XL_] |
Let ‘us put Aip for the charge densities dlfference of the

two nuclear states considered. The corresponding difference of

the electronstatic potential will be

6/ See e.g. W. Humbach: Zs. f. Phys. 133, 589 (1952).
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A({D ap (202’ o o
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and the respective-shift of the atomic (electronic) level:

AE=—‘/(/)'”A¢0/~?£ - ®)

In (6) the integration over the angles concerns only A,?Q

This enables us'to‘average'apriori 23}3‘ on these variables and
) becomes:

ASV ‘/ﬂ”[/ A[J Qw)"&()/z- //z/dfw 0/7/ (51)
Introducing (55 and (2) in (6)one obtains after partial inte-
_gration:

A E= 16 1% Z Lo oy

'with the condit10n7/

s . - . ’é-f'lﬂf-l
(/"If_mw /Afv :/z&fm Af,ﬂ)o(B)

(2) has been written under the form

(L+.=2.)(L+ 3) /

(2*)

7/ This condition is satisfied by all charge distributions
with physical meaning, for arbitrary k and m.
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.? is the charge distributlion related to the charge densitz/f)-
by the equation ‘

On account of the numerical value of the. coefficients
Q,/QQ+QNQ*QH only the first term in (8) 1is important (the next
terms give corrections less then 5%) In this approximation (8)

becomes

AE ‘%TeaA<R> /5.7‘"eCA<R> (o)
where -< R27'denotes the nuclear electromagnetic average radius
in a given state. This result does not depend on a special nuc—

lear model. Such a model must be applied to calculate A‘<’th?,

2. THE SHELL MODEL

For single-particle levels of odd nuclel the excitation
lof the nuoleus means hy definition the‘transition of the}optical
nucleon from the ground level to the'corresponding excited~level.y
Neglecting interparticle interactions the protonic charge
distribution is given by

P Z‘f % (10)

where ‘SP. are the proton wave functions given by the model
Lt

and the'summation in (10) takes account on the exdusion principle.
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The last occupied level defines the nuclear state. By excita~-
tion, in an odd-even nucleus only the optical proton changes.

its state. This means.

f P‘ZX(‘ f) 7 — B ((Pexc exc- gv (/)3" - (1Y

where the indexes exc and p respectively gr and - p
denote the excited respectively ground level of the proton.
From (11) and (7) follows the fundamental result that the ab-
‘solute magnitude of the shift | Ak | depends only on the
charge distributions difference of the optioal protons. In
other words the shift reslizes a "filtration" of the last
two single-particle states of the nucleus. This direct con-
sequence of assumptions (4) and (B) distinguishes the isomeric

- shift from all the other phenomena which depend on the nuclear

"charge distribution and may become of importance in the study
-of nuclear structure and especially in the research of the nuclear
‘“surface layer. |
| From (11) follows immediately that 4 <R reduces to A< r® >p
’where <,ﬂ '>/3 is the quadratic mean radius of the optical
‘proton, and formula (9) becomes:

. 2 )
b AEVA.WQ CA(/zk>P 12y
The sign in (11) depends on the concrete nuclear configu-

ration and cannot be predicted apriori except in two cases:
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1. if there exists a single particle out ofjclbsed shells
(or subshells) the sign is + ; 2. if there exists a single
hole the sign ;s —.8/’9/.

THE NUCLEAR POTENTIAL

To obtain from (12) some more concrete informations
about the shift, we must calculate A <% j>f). This calcu-
lation makes necessary the knowledge of the nuclear single~
particle funbtioﬁs y)P which depend on the nuclear potential.‘
In this connection one must distingﬁish spherical potnntials" |
and nonspherical ones. For deformed nuclei we shall consider'
only the Nilsson nonspherical potential; this is the‘most
complete nonspheridalrpotentialj for which concrete singlé—par-
ticle wave functions were available. We shall see‘that in our .
particular problem the deformation corrections given by this
potential are negligible. As»concernélthe spherical potentials,
we shall deal with the harmonic oscillator (osc), the re-—
.ctangular infinite well (1.w.) and the diffuse well (d.w.) in
the form studied by Ross, Mark and Lawson.

8/ This question will be discussed by the author at
greater length in another paper.

9/ In|l| the influence of the configuration on the sign
of Ap respectively A E was not taken in account. The cor-
rect signs are those given here. ~
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Two main conclusions can be drawn from the study of’these
potantials:

1. The sign of the shift does not depend on the concrete
form of the nuclear potential.

2. There exists a very simple relation between the mag-
nitude and the sign of the shift on one.hand, and the gquantum
numbers of the nuclear‘sfates, on the other; this relation
enables the formulation of a sign rule and may perhaps be used
' to determine from future experimental data, unknown nuclear sta-
tes. -

a. The Nilsson potential. The Nilsson functionslo/_

//Vflok>' may be expressed by the harmonical oscillator func-
 tions /N@Qt’/z) as follows: / |

= - 4 +/ ¥ 7
[ VQ > %%,Qt% /N'(Q V) (13)
where N 1s the total quantum number of the oscillator, Q2

the component of the total engular momentum along the nuclear

axis and o designs the proper values. The coefficients Q,

en
are normalized to 1:
G
Z oQzh | (14)
From (13) and (14) we get: |
R .
) _%4/‘,7/\’1'2350;» 2‘7 eﬂ"/</b7 _— - (15)

10/ S. Nilsson: Kongl. Danske Vidensk. Selsk. Mat. Fys.
Medd. 29, Nr. 16, 1955. )



=I5 -

on account of the independence of < /X '%se oﬁ; /e (see point

b of this paragraph). Ve see thus that in the approximation
(12) the Nilsson ﬁotential gives the same A E as the osc.
‘The deformation corrections appear only in the superlior powers
of r, and are negligible.a/

b. The ‘harmonic oscillator potential. In thils case

4§</&l7f) - can be calculated immediately. We have:

I -
where U 1s the potential energyll/ and &+ iia)év*/ékhe 0SC.

quantum energy. From the particular form of U, follows:

acé )
a4 7P/‘ AN= T : an
where/ﬁoz(Qi/;ﬂQ)is'the characteristic length of the osc., @

the assoclated frequence, i1 -the nuclear mass and 8< the
excltatlon energy.

_Prom (17) and (12) follows directly that
the measurement of 4 E is equivalent with the measurement
of AC . It is difficult however to accord great importance
to this result since we know very‘well how poor are the nuc-—

lear energy-predictions of the osc. From (16) we get also

11/ We neglect the Coulomb 1nteract10n in the nuclead po-
tential U
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the following sign rule: at a given nuclear ¢onfiguration
the sign of A E depends only on the relation N 2 N'.
In isomeric single-particle transitions A N is usually
12/ : 2 _ 2
+ 1. and thus a <k >==% 1,

¢c. The rectungular infinite wgll. Using the Bessel eigen-

functions of this potential and applying the Schéffheitlin in-

tegration formulae we get:

e +€ -7
. :., 2 9
A <pts = PRI (18)
where ‘Uze is related to the i.w. energy <Eue by the eduali— .

tyi
W p = (.,z £ /{’“/ft-t) A
ne ST | (19
-
In a first approximation we may put ugeﬁ l()”,e,; then (18)
becomes ‘
d 2 R” [‘ ] N .
= — — +/ = ~4
</‘7zu> 3 W (e+ ) J#W (M) AE‘ @703

2 is the orbital angular momentum of the optical pro-

where M
ton. Fo;mula‘(19) is analogous to (17); a measurement ot 4 E
is on principle a measurement of M. Formula (20). represents
also a new aspect of the sign rule ( 6 éﬂ Yo -

.The rectangular finite well given a similar result but

12/ M. Korsunsky: The isomerism of atomic nuclei (in rus-
sian) G+I.T.T.L. Moscow 1954.
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the corresponding formulae become far,more_gomplicated. The
quantitative results do not differ by more fhan little per-
cent from those given by (20), showing that the cdntribution
.of the region_corresponding to)/7.§ R is ?ffectively negle—

gible,
13/

d. Diffuse (realistic) potential. Numefical applications
The harmonic oscillator and the square wéll are the two
. extremities of the nuclear potential. It has béen point(d out14/
that the "real" potential should have a d1ffuse charéctér. |
Ross, Bark and Lawson have solved at the UCRL differential

analyzer the Schrtdinger equation for the potential

V=- V/[/+€X,Uo<(/z R)] (a1
taking in account the spin orbit 1nteraction and the Coulom-
bian repulsion for protonsls/. This is the most complete dews
potential for which eigén—functions are availlable and therefore
we have compaied the numerical values of ZX E given by these ei-
gen-functiohs with: those correspondiﬁg,to osc. and i.w.8/ Two

characteristic transitions have been considered here. Thé first

13/ The numerical results given here have only an illustra-
tive purpose; as- long as no experimental data exist, it seems a
little exaggerated to énter in more quantitative details.

14/ See for example: W. Heisenberg "Theorie des Atomkerns"
GBttingen 1951. v

15/ A+ Ross, H. Mark, R. Lawson: Phys. Rev. 102, 1613 (1956)
and private communication. ’

Oéxenuueuuuﬁ HHcTQJ\:
SNepHHX nBcchenonapni

BHBJIMOTEKA |
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(Ezﬁ_f'gﬁ, is characteristic for medlum isomers with single-
particle 1eve13° the second one (lx/ ’zd.%, ) for heavy nuc-
lel, The parameter‘/d of osc. has been calculated for-ynz from
the total nuclear distribution as 1nl/. For the other elements
N, has _beeg_ takent® R,A’starting from the value oi’/z 45/0}/;
ﬁn/ for 4yna
Forjisw. the elgen-values a) glven by Feenbergl7/ have
~been used. The nuclear radius has been taken as in /. R=1,2 x

10 -13 . A /c;nf For.y (first kind-of transition)lg/ we get:

AEo/q)/AE X ,‘V'AE["‘)/AE‘Q’j‘.0~

¥
For 4 {second kind of t#ansition) we get°~

(22)

AE}.O/k)/AEos,c:“-'/':3 i AEi /AlEosc‘g/'A' (23)
Taking in account the emrors in the choice of the parame-

.ters involved in these potentlals, the results (22) and (23) must
- be considered quite satisfactory.

,:_To obtain absolute values for ~AE , sLi"l‘(e)must be de-

16/ M. quer J. Jensen: Elementary theory of nuclear shell
structure — N. York-London 1955, page 236,

17/ E. Feenberg. Shell theory of the nucleus. Princeton
1955 page 15.

18/ For this element the corresponding Cdl%g d.w. functions
have been used. ' »
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termined from experimental spectroscopical data. We have used
the h.f.s. dagﬁ of the ground state given in 19/ for-%1”€ﬁ, and
1n20/ for ‘4W -.applying the corresponding Goudsmit—Fermi-Segre
formulae. ror yh”ﬁf%he shift of the 53 S/gelectronic ground
state term has been calculated; for Ay’ ¥_thp shift of the
0s S;’(L ground state term. :
Thé configuration for 3&1”515 known in both nuclear states.

The incomplete shell has the fdlldwing occupation nw%bers I

(W%)s (1f); (ipy)" g Y /@%}” (4" ‘S"fa’le)'

7/

fo
lu Iy 1 l’?’ﬁ%) i%) : (F/ﬂ/‘)’{@(a

This giveng/ with the osc. potential

A E "J,,,”S- Emc sz +9 10 an, (25)

- A « ' 21/
.For gq” only the ground state configuration is known :

(/g%)f (Jo/%)f (Ssg)f’ (//b”a,‘f; (0‘50/3/:) - (26)

The excited state may be either;

19/ J. Campbell, J. Davis: Phys. Rev. 55, 1125 (1939).
- 20/ G. Welsel , H. Zew: Phys. Rev. 92, 641 (1953).
21/ H. Zeldes: Nucl. Phys. 2,1, (1956)/57).
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(g )] ma/%)‘, (B (1hy) (2d4)*
‘ (27) .

or:

(/9% W%) /3%) ///»'/) /0’% (28)

and the sign of A E ‘cannot be given apriori. The numerical

result 1is, using the osc. potential,

AE >+ /0 cm (29)

II. EVEN - ODD NUCLEI
 (ELECTRON —-NEUTRON INTERACTION)

According to assumption (A) the excitation of these nuc-
Li is realised by the transition of the optical neutron from
the ground state to the excited state. This gives rise to a
variation of the neutron distridbution perfectly énalogous to
(11):

e () ) - P Pge) OGO

Although the excitatioh does not modify the protonic
charge distribution, the,electron—nucleus interactlon energy
however 1is changed, due to the électrbn—neutron (e=n) inter-
dction. If we assume for this interaction the potential (i),

the variation of the electron-nucleus energy by excitation,
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i.e. the isomeric shift, will be

&
o~ = A
A E-6 [ q//‘L (31)
Using for 9) the expression (2), we find that the first
term of (2) vanishes in (31) and disregarding the third term

in comparison with the secondvfor the same reasons as in the

CGrresbonding formula (12) of Section I we get

AE=“I’gCJALA</;J'7n . (32)

This expression 1s very similar to the above quoted one (12),
and the same considerations may be made here on the general
trends of the shift. In edditlion 1t must be emphasized here that
the isomeric shift at even-odd nuclel, 1s by the same subsfrac—
tion process (30) a pure @- N effect, and thus distinct from
the other phenomena}studied until presén% where this weak in-
teraction is masked by other, much stronger!effects. (In the iso-
topic shift by the céulombian electroa-nucleus interaction, in
the scgttering phenomena by the nuclear interaction).

To obtain an order of magnitude for AE , we assume that

g has the value given by neutrcn—electron scattering.

An'éve:age value of 4000 eV for the well depth of the interac-
tlion pqtential with the radius equal to the classical electrbn
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radius2 /, gives ’g"’—G */00776«1 erg. cm3. Using the 0S5Ce
potentlal and the electron data from23/ for Hg 11 (for the
1sotope 199) and from24/) for ﬁg w we obtain for the
electronic ground state 66 %the following shifts:
ALy =0 ow™! AE e o 210 ew
J (33)

In connection with the above values the remark13 is in
so‘far more important here as the electronic data used in this
settionvare probably affected by greater errors; the same concerns
the constant the constant. In addition to this quantitative |
aspect of the problem, it must be emphasized that the above quali~
tative considerations have a rather speculative character as com-
pared with those of the first Section. |

This 1s clear from the the following arguments:

a) The e-n interaétion potential is a very pbor description
of the real phenomena with which we are here faced. Besides that,
‘the strictly local character of the e-n potential makes the
~ value of E very sensitive to the form of the electronic'fun—
ctions. It is of interest to mensition for example that the
Racah functions give a A E increased by a factor 3-5.

in cohparison with (32). This fact may be partly explained

. by the weak dlivergence of the Racah functions in
2?/ B.Feld in "Experimental Nuclear Physics" Vol. II(Editor

E. Segre) N. York-London (1953).

23/ H. Kopfermann- Kernmomente - Second edition. Frankfurt
a. M. (I956) page 123,

24/ H. Kopfermann -~ Kernmomente - First edition. Leipzig

(1940) page 77.
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~the origin, but it is also not impossible that our perturbation
mechanlism is not applicablg'ih this particulér case, 'although
~ the 1nﬁeraction is weak. ‘

b) The constant b can calculated at prgsent only from scat-v
tering experiments where the discussed interaction is a free
neutron-electron interaction. In the isomerié-shiff((and in the
isotopic shift) we have a bound neutron—elecfon interaction and
it is probable that the corresponding interaétion constant shell
ha?e a different value in our case. This fesﬁlts from the eiis-
tence of an effective nucleon mass in the-nuéléus, different
from the free nucleon mass and from the fact that the maln part
of the e-n interaction 1s due to the magnetic moment of the’neu-
tron25l. The many-body interaction in the nn@leus gives rise to a

26/ and thus the e-n

modified magnetic momeht of -the nucleon
interaction in the nucleus will also be modified.'Afsatisfactory
quahtitativehapproach to this gquestion does not yet eXisf.

c) It is possible that the exchange effects should not be
rigorously compensated 1n‘(30)‘respect1ve1y (11). At even-odd

nuclel this may be of greater importance, as the transition

25/ L. Foldy: Phys. Rev. 87, 693 (1952).

26/ J. Bell, R. Eden, T. Skyrme: Nucl. Phys. 2, 586 (1956/57),
J. Bell: Nucl. Phys. 4, 295, (1957).
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| prdbabilities suggest.

~ Although these three arguments,do not exhaust the cri-
ticism of our approach, we Shall confine ourselves to these
ones because of the same reason as that quoted inlj/. In con-
cluslion it can be said that the arguments a) b) and ¢) and
the fact that,wenmightshere ﬁe faced with a pure e-n effect,
show:tha greét interest’of anAexperimental test of the isomeric

shift at even—odd nuclei.

III. ON THE EXPERIMENTAL PROOF
OF THE EFFECT. FINAD DISCUSSION

The experimental study of the shoit and medium-life nué—
lear stétesAis a rather complicated.problem both for nuclear
and atomic spectroscopy.‘As conceming the latter two spe—~’
cific difficulties (these are not the sipgle ones!)hmay'bq

quoted: l. the relatively blg amount bf substance necessary

o in these experiments; 2. the overlapping of the h.f.s.

"spectra corresponding to ‘the excited and ground nuclear states.

In the special case of the isomeric shift at even—odd nuclei.
a third difficulty must be added: the probable smallness of the
effect. ‘
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As the author kaows the first and until ndw‘the only

atomic spectrum of an exclited isomer ‘has been obtained experi—’
19% m

. !

mentally by Bitter and collaborators ( AQ? halflife ~ 23 h)

by a very ingenious optical and/magnetic scanning method27/. But.
on account of the overlapping of the H?Ig#nénd Mglﬁff.s.'spectra
~on one hand, and the specf;a of the other Hg 4isotopes on the
other, the h.f.s. of HE Ig#Zould not be resolved satisfactorily
and no conclusion on the excited state, except‘thé probable 13/2
value of the spln, could be drawn. It 1s ciear heerfrom that no
question of isomeric shift could be raised, becauseythe h.f.8., 1s
2 necessary condition for the measurment of the isomeric shift-
which concerns the gravity centers of the h.f.s. corresponding
to the nuclear states involved.

Further work along these lines~has‘been done by the Berke—
ley group using a magnetlc resonance method with atomicbeams, but
again no attempf to detect an isomeric shaff was or coudd be made

in these experimentszs/.

27/ F. Bitter, H. Plotkin, B. Richter, A. Teviotdsle,d. Young:
Phys. Rev. 91, 421, (1953); F. Bitter, S. Davis, B, Richter, J.Young:
Phys.Rev. 96, 1531 (1954). : .

28/ J. Hobson, H. Hubles, W. Nierenberg, H. Silsbee, R.Sun-
derland: Phys.Rev. 104, 101, (1956); G. Brink, J. Hubbs,¥.Nierenberg,
J. Worcester: Phys. Rev. 107, 1891, (1957). :

29). J. Brossel, F. Bitter} Phys. Rev. 86, 308 (1952).
30). F. Bitter - private communitations. :
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It‘ls_possible that some progress in this direction could .
be obtained by a chemicalepparation of iSomers._

At present F. Bitter and collaborators study the h.f.s. of

M mn%nd H%‘g$ by a "double resonance" method Similar to‘that
described in_zg/. The& intend also to get some information on
this occasion on the 1someric‘Shift.30/

The experimental research of the iomeric shift may Bring
new daté on the exdﬂation mechanism and on the nuclear confi-
guration and may be a strong test of the validity of assumptions
A and C. By this method one could obtain also for the first
- time some information on. the nuclear readii of expited states.

" But the experimental study of thé effect, presents, also per

se, great’intérest since this effect, togehter with the n.f.s.
effect could lay the basis for a new method in the investigating
of nuclear excited states.characteristics. In spite of the
technical difficulties; some of which were guoted above, the me-
thods of atomic spectroscopy are éimpler than the corresponding

nuclear ones.

We dld not intend to discuss all the various problems which

29) J. Brossel, F. Bitter: Phys. Rev. 86, 308 (1952).
30) F. Bitter - private communications.
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may be put in connection with the isomeric shift, but confined ‘
oﬁrselves only to those which seemed the most striking-in the
present stage when no experimental data are yet available. Wo

hope that thé preseht study will incite such'experihents.
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