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CHARGE DISTRIBUTION OF EXCITED ISOMERIC NUCLEI . 

AND ATOMIC SPECTRA 

/The Nuclear l~omeric Shift/ 

by 

Richard Weiner 

The.attention is called on an electric chl;Lracteristic of 
> 

,. ... · 
excited nuclei almost unstudied until prese.nt, neither theore-

/ A--

tically nor experimen~~lly - namely the ~~rge distributions of 

two isomeric nuclei is automatically reai~zed in atomic spectra 

giving.rise to the nuclear isomeric shift on spe~tral lines. 

·.. . Some general theoretical aspects of this effect· are here 
.·'·¥"" . .· . 

dfscus.sed~ Only odd nuclei are studied. It is assumed: (A)' the 
-~~ ... 

transitions are single par.ticle ones; (B) va~idity of the Ro-· 

~ ,.-I": 
._;:;..· . 

/ 
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senthal-Briet pertu:r;"~?ation theory; (C9 at even-odd nuclei the 

effect is due to electron-neutron interaction. 

Under these assumpttons'it is shown that except the sign, 

the effect is a pure single particle.effect, given by the o~ti-
, .. ( ., -

cal nucleons. The sign of the shift is generally intimately re-
{ \: .• '\ • ' I• 

lated to the whole nuclear configuration. In the case of two· cha-
.: • • 'I v • ~ 

racteristic transitions, it is shown that the order of magnitude 
. . 

'1. I •j ' 

of the effect-does not depend on the shape of nuclear.potential. 
- J 
~' J 

The general formulae of the shift for odd-even and ·even-odd 
Z. o:-, r \ • " . - • ~ 

nuclei are ~iven. By special~ng for two ·particular forms of 

nuclear potential (harmonic oscillator and infinite 1square well), 
"" s \ .. 

it is shown that t_here exists a very' simple-·relation between 
) . 'I 

the shift and the characteristics of the two~nuclear states 
, tiS-.,... iB;'.-

involved. Numerical applications are given for'\:/IV _l{/ 1 ~tt .1., 
A/9 igf/f and p~ J.6!f 111 At the odd-even 'nuclei ''the theoreti­

cal value of the effect is surely within the reach of atom;i.c 

spectroscopy, ( ~ 10-J,c,w,:-l at even-odd nuclei the' shift· predicted 

is at the limit of spectroscop~cal measuraqility (~10-¥~-Jbut 
the specific interest of the phenomenon lies here in the possible 

~~?dY of a pure bound neutron-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 hypotheses (A) and (C) is em­

phasiz_ed. 
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I n t r o d u c t 1i oJ n 

• J 

Excited nuclei a1·e usually studied by their radioactive 

products. But radioactivity is~ot the only-characteristic of 
. ,• ' , 

an excited nucleus. It is well know_n that electromagnetic pro-
. 

perties like nuclear moments e.g., characterize a nuclear state, . 
. , .J' 

too. We should like to call the attention on another electric 

feature: of excited isomeric nuclei, not studie.d until now in 
I • 'JJ.1 

this connection,te. the charge distribution1 respect1vely the 
•" .•,J. 

electromagnetic ragius of excited nuclei. 
. I 

If the present experiments on a given nuclee.r state, 
... . .. , ' ' 

cannot pr-ovide beside the nuclear radius more than a single pa-
~ .. • 

rameter of the charge distribution, the comparison of distribut-
• ._.1 J 

ions. of two dif:(.erent states, may supply new information on· 

this nuclear_property in particular, and on the excitation pro­

cess in general. This comparison is automatically realised in 

nature by a sui generis substraction process in the nuclear 

isomeric shift on spectral lines. In two previous rtote~*/ this 
,v liS-

shift was calculated for J 11- Ill and it was shown that the theo-

retical ma&nitude of the sh;tft is within the reach of spectros-
1.1 19:f. 19~ . . .. -If -1 . 

. copic measurability; for ,.,,g - #3 ~ra shift of ""/Oc111 due 

to electron neutron .ihteraction was a1s~ predicted. 

*/ R. Weiner; Nuovo Cimento 1Serie X, Vol. 1' 1587 (1956); 
Studi1 s1 Cercetari de Fizica, 7, 567 (1956). 

' 
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. ' ' 
In Section 1 of thi~ paber the general formulae of the 

,_ 

shift for odd-even-nuclei are given and the dependence of the 

shift on the nuclear potential and ponfiguration is studied, 
\. 

-, 

In Section 11 the similar effect at even-odd nuclei is discussed. 

Only odd nuclei will be studied. This is the most important ,, 
. . ' 

class from the experimental point of v~ew pecause among.them 
'· 

we find the absolute majority of isomeric nuclei whic~ posess 
,/ '+..: f!l 

a sufficiently big lifetime for the experiences here proposed. ' ' . ' 

We shall restrict our considerations to low single-particle 

excitations f~r which we shall assume valid the shell model 2/(A). 
1 ' - .. ' , 

; \... . . 

The Breit-Rosent~l perturbation t~eory w~ll be used, with 
":_ .... 

electronic wave functions corrected as regards the finite exten­

sion of the nucleus (B). Only the most penetrating electrons 

will be considered. 
1.~ 0 

Finally the electron-neutron interaction potential is 

taken the form 

- (1) 

. \ 

-
----------------~---21 In this paper we shall understand by the ·shell model, a 
single particle for deformed nuclei 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 potentials 
are not studied)•-

"~ "' ' . 
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where 't u- and t e are the position vectors of the neutron 
respectively the electron and /!; ., is a consta:nt given qy the 

scattering experiments ·(C). - . 
Fox· the oc;·ses above mentione~ and with the assumptions 

/A, B, C/ w~ shall' sh.ow: that-- b'eside s the sign,; the isome.ric 
: ,. . .:. t 

shift is a pure single;;;.~~rt_i.cie· effe~t, giveri ·only. by the opt~:-

cal (external) .nucleons 

cases that the order of 

• It i~ ·.verified in_ ·twc:r characteristic 
• .. • • ' • ,_ < . 

~ ~ • - ..;,! 
., ~ ... 

mag~t.uQ.e. of the ~hift does not -,depe~d 
-,\ ; .. ! 

on the nuclear potential assumed in the' shell mode.l. 
. ~ .. 

.' 

I. ODD-EVEN NUCLEI (OPTICAL NEU~R0NS) 
" • .:~ o' OJ J ~ ', ' 

0 u 

• • 0 

' 
1. Perturbation Theory • __:. 0 

f .- •• -

. . ~ 

-The ·ihflu~nce.of.the finite extension of the nucleus on. 

·-.·_..·~-~-·-·.-t_h,e·atomi~- spectra is.reflected in variou·s phenomena.~s-,-isoto.,:. 
••• •• ·.: 0 •• .. • • .... 

'. ·.. p:Lo shift, hyperfi~~.:.structure ·(h.f.s.) etc.~- ·~nd special IJle-

~
. . . . -_ 

~ · .. 
·. thods were elaborated to interprete these effects theoretically~ 

The above mentioned methods are based on ~he'perturbation theo-
. ·: ... . :. - - . ~~ 

.r_Y,, ·either· ~nde:r~·t·h.e::u·sual form developed- by Rosenthal and 
·:.. .. . . - '. . ". ·.· ' - .. . . . .. · ' ·)- . . 

'nreitJ/; :0~· u~der the form -~f boundary conditions perturbation~/ 5/ ... • .. 0 

J/ J. Rosenta~, G. Breit: Phys. Rev. 41; 459 (I932). 
4/ J. Smorodinsky: J. Phys. (USSR) lo;-419 (I946). 
5/ E. Brooh:·Arch. Mat• Naturvidensk\48; 25 (I94-6). 

- .. 
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We shall apply the method -~iven in I J I to calculate the elec­

tronic wave functions <f ; the charge distribution will be assumed 

uniform thr.ough the vo,lume of the nuclaus. In this way we take 

in account grosso modo the influence of the finite 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 charge distribution and ellthe less 

the variation of the distribution, by the excitation of the nucleus. 

The determination of the perturbe~ functions is equivalent with the 
' ' 

rigorous solving of the problem of the electron motion in the 

field of the nonuniform distribution. This can be ma.de only by 

numerical integration and is not of great interest, because of 

the approximative form of the nuclear charge distribution given 

by the shell model. 

It is worthwhile to mention that the ~ 
9 
functions calculat-

ed starting from e uniform charge .distribution give· relatively 

small corrections (10-20%) in the isomeric shift at odd-even 

nu·clei,· in. comparison with the Racah functions; this situation is 

changed at~en-odd nuclei (See section II_of this. paper). 

J/ J. Rosenthal, G. Breit: Phys.·Rev. 41, 459 (19J2). 

. ~ 
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It is clear that the only part of ~ interesting in our 

problem is·the part corresponding to the interior·of the nucleus. 

·For ~ electrons, the uniform charge distribution leads-to the 

Dirac wave function: 

(2) 

where r :: 'tat I o(, =-· e ~;It c , .)( ==_, ~-~/R ' 
• J 

nuclear radius. The constant C is determined by matching (2) 

R being the 

to the exterior functions and by the normalization condition. 

One obtains61: 

c = ,oi ~a; <f~t. ~o)'L -~ 4 ~" (J) 

with 

<1-"1 is the 

• • J - (jV 

L = ~, (1) r (:JvG')(f-+G"-!)Jv 
,) J j . 

radius of the first Bohr orbit, ~sc~(o) 
.-.,. 

(4) 

- the 

value of the Schr~dinger wave function in the origin. The further 

_notations are: ~=.(1-~~'¥:,) 1~ 'fo"' ~~R.ja"' 
J ~-oLlJ<J; (1) j:X., {1) where .X 1 and -X. 2 . are the dimension­

less Dirac wave functions <.p~ C [ J(, 1J..+.X.:J 
L~t _us put tl j ·. fo_r_ ,t~~- .:harg~- densities difference of the 

? • • - ' ' ~ ~ • '. .. • : • • • ::.... ••• 

two nuclear states co~sidere.d. Th·e corresponding d-ifference of 

the electronstatic potential will be 

-------------------------
6/ See e.g. w. Humbach: Zs. f. ·phys. ill," 589 (1952). · 

,. ,. 
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- (5) 

and the respective shift of the atomic (electronic) level: 

(6) 

In (6) the integration over the angles concerns only 

This enables us t·o average apriori Ll p on these variables and 

inte-

(5) becomes: 
00 

j Do .t, 

. L\ <f:. I( 1( [ { iJ [J 0 J ~ ;} "t-~ . 0t . LJj 7, I 0/ ~ I 
~ 

Introducing (5~ and (2) in (6)one obtains after partial 

(5') 

gration: 

E . . .!V '\""' cv J ()0 itllol 
t! : 16 Jr~e f ( i+.t)( i+ "IT() Llf' "l-- rz, (7) 

with the condition7/ 
co 

(;,;* I{ J 
.. .w:.....oo /)A, . ,, ~ v 
been written under 

~z~~J> -{+"'J.ff)Jzo (B) 

t.he form (2) has 

(2 •)' 

________ '"""'!"' ______ -

7/ This condition is satisfied by all charge distributions 
with physical meaning, for arbi-trary· k arid m. 
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pis the charge distribution related to the charge density~ 

by the equation 

pn account of the numerical value of the coefficients 

aj[({+~){i+3J1, only the first term in (8) is important (the next 

terms give- corrections les:y than 5%). In this approxima.tion (8) 

becomes 

'(9) 

where 
2 . . . . . < R "7 denotes the nuclear electromagnetic average ·radius 

in a given ~tate. This result does not deperid on a s~ecial nuc­

lear model~ Such a model must be ~ppli_e~ to calculate. L1 < a2 >, 

2. THE SHEL~ MODEL 

F~r single-particle levels of odd nuclei the excitation 

of the nuoleus means by definition the transition of the optical 

nucleon from the ground level to the corresponding excited level. · 

Neglecting interparticle interactions the.protonio charge 

distribution is given by 
p t * . 

(.) : ~ Cf. p <p. p 
) L""l t L (10) 

. p 
where <pL are th~ proton wave functions given by the· model 

and the summation in (10) takes account on the exclusion principle. 

... ;. ,, 
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The last occupied _level de!ines the n·uclear state. By excita­

tion, in an odd-even nucleus only the optical proton changes 

its state. This means: 

p p P_ ( p* p p .,. p 

~ f :=f~xc J9't~= ± <fex.c <fe}lc- <f~'E- _<f<j,_ (11) 

where the indexes exc and p respectively gr and p 

denote the excited respectively ground level of the proton. 

From (11) and(7) follows t!J.e fundamental result that the ab­

solute magnitude ofthe shift I Ll E I depends only on the 

charge distributions difference of the optical protons. In 

other words the shi!t reslizes a "!1ltration11 of the last 

two single-particle states of the nucleus. This direct con­

sequence of assumptions (A) and (B) ·distinguishes tq.e isomeric 

shift from all the other phenomena which depend· ~n ·the nuc1ear 

-charge distribution and may become of impo:tance in the study 

of nuclear structure and especially. in the research of the ·nuclear 

surface layer. 

From (11) follows immediately that .1 < R"> reduces to .1 <A~> (J 
. ooL . 

where (. /l > f is the quadratic mean radius of the optical 

proton, and formula (9) becomes: 

(12) 

The sign in (11) depends on the concrete nuclear configu­

ration and cannot be predicted apriori except in two cases: 

J 
I 
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1. if there exists a single particle out of. closed shells 

· (or subshells) th.,e sign is + 

hole the sign is -.81, 91. 

2. if there exists a single 

THE NUCLEAR POTENTIAL 

To obtain from (12) some more concrete informa~ions 
~ ~ . . . 

about the shift, we must calculate Ll )/' > f . This ca~cu.;.. 

l~tion makes necessary the knowledge of the nuclear ~ingle-

. particle function~ c.p P which depend on the nuclear potenti~i. 

In this connection one must distinguish spherical potBntials 

and nonspherical ones. For deformed nuclei we shall consider 

only the Nilsson nonspherical potential; this is the most 

complete nonspherical poterit~al; for which concrete single-par­

ticle wa--ve· functions were ayailable. We shall see that in our 

particular problem the deformation corrections given by this 

potential are negligible. As concerns th~ sp.heric.al potentials, 

we shall deal with the harmonic oscillator (osc), there­

ctangular infinite well (i.w.) and the diffuse well (d.w.) in 

the form ·stucUed by Ross, Mark and Lawson. 

---~----------------------

C>• •••• 

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

9/ In Ill the influence of 'the configuration on t.he sign 
of · Ll p respectively tl E was not taken in account. The cor­
rect signs are those given .here. 
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Two main conciusions can be drawn from the study of· these 

potBntials: 
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 ~ag-_ 

nitude and the sign _of' the shift on one hand, and the quantum 

numbers of the~nuclear states, on the other; this relation 

enables the formulation of a sign rule and may perhaps be used 

to determ~ne from future experimental data, unknown nuclear sta-

tes. 
a. The Nilsson potential. The· Nilsson functi~ns10/ 

J.I'/I2 o4 > may be expressed by the harmonical oscillator func­

·tions / Ne, Q t·~> as follows: 

/ NQ o(,·>= 'f. a +,1 jNe,-( n :t Y~ )~ ,.. 
. e .e.n. -~~ 

where ·N is the total. quantum number of the oscillator, 

(lJ)' 

a 
the component of the_ total angular momentum alung the nuolear 

axis a_~d~ d.. designs the proper values. The coefficients· Q.-~.n. 

are normalized to 1: 
'· . ·~ 

~ . a" "':"" ,~. 
~, ~'- j'A.. . 

(14:) 

From (lJ) and (14) we get: 
. .t, . ~ . .t' 

. _5 Jl. ~~ilsso~-~-t_-~~~,=~~/"- 7 (15) 

-------------------------10/ s. Nilsson: Kongl. Danske Vidensk. Selsk. Mat. Fys. 
Medd. £2, Nr. 16, 1955. 
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on account· of the independence of <A ~se. on -e_ (see point 

b of this paragraph). We see thus that in the approximation 

(12) the Nilsson potential gives the same A E as the osc. 
•j • • -

The deformation corrections appear only in the superior powers 

of r, and are negligible. 8/ 

where 

b. The harmonic oscillator potential. In this case 

can be calculated immediately. We have: 

<U>-=- ~c 
U .is the potential energy11/ 

(16) 

and £o kw{N+%)the osc.· 

,quantum energy. From the particular form of u, follows: 
·o 

A .t· -tt N- Ac 
u <,It :J-p =y'l o 6 - WI u.)J.J (17) 

(
L/ .)~ . --' where Jlo=- It I mtJ; is the characteristic length of the osc., c.v 

the associated frequence, 111- the nuclear mass and fj C:. the 

excitation energy. 

~rom (17) and (12) follows directly that· 

the ·m~asurement of 6 E is equivalent with the measure.ment 

of A C • It is difficult however to acc~rd gr~at···imp.ortance. 

to this result sinc.e we know very well how poor are the nuc­

lear energy-predictions of the osc. From (16) we get fi\1so 

11/ We neglect the Coulomb interaction- in.the nuc1ea»-:Po.;. 
tentia1 u080 • 
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the following sign rule: at a -given nucle_ar configuration 

the .. sign of 6 E depends only on the relation N ~ N'. 

In isomeric single~particle transitions ~ N is usually 

+ 1.12/ and t·hus ~ <A .t.> = ±_ft. ~ . 

c. The rectungular infinite wtll. Using the-Bessel eigen­

functions of this pot~ntial and applying the Schaffhe.itlin in­

t·egration formulae we get: 

(18) 

. wher.e. ~ue is relate·d to the i.w. energy C.ue by the equali-

ty: •. - -

w · = I~ me, t<. ~~-~-J,) 1~ 
~e .[". ,e '1. 

(19) 
. . r 

In a first approximation we may put We~ kJ, , ; then (18) 
. ' lr Iff 

·becomes 

<A~. "'-=-..!:._~ fl re(e+,)]=;.!:..~ .1(1'1~· LlE.-LJ(irt'J 
t w .., £V4, C t~w" , ' ,w c2o) 

where M2 is the orbital angular momentum of the optical pro­

ton. Formula.(l9) is an~logous to (17); a measurement or ~ E 

is on principle a meas~ement of M. · Formula:"{20) represents. 

alsO a new aspect of the sign rule·. ( e ~ e I ) • 

The rectangular finite well. giveB a similar.result but 

--~----------------------
· 12/ M. Korsunsky: .The isomerism of atomic nuclei (in rus~ 

siin) G.I.T.T.L. Moscow 1954. 

-~-------------------------------~ 
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the corresponding formulae become far more.complicated. The 

quantitative results do not differ by more than little per­

cent from those given by (20),. showing that the contribution 

of the region corresponding to · ;t > Pv is effectively neglP.-
/ 

gible. 

d. Diffuse (realistic) potential. Numerical applicationslJ/ 

The harmonic oscillator and the square w•ll are the two 

extremities of the nuclear potential. It has been poi~t4d out14/ 

that the "real" potent~al should have a diffuse character.· 

Ross, Bark and Lawson have solved at the UCRL differential 

analyzer the Schr~dinger equation for the potential 

(21) 

taking in account the.spin orbit interaction and the Coulom­

bian repulsion for protons151.-fhis is the most complete d.w. 

p.otential for which eigen-functions are available and therefore 

we have c·ompared the numerical values of Ll E given by these ei-. 

gen-functions with those corresponding to osc. and i.w.81 Two 

characteristic transitions have been considered here. The first 

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

14/ See for example:·w. Heisenberg "Theorie des Atoinkerns" 
G~ttingen 1951. 

15/ A. Ross, H. Mark, R. Lawson: Phys. Rev. 1q2, 161J (1956) 
and private communication. 
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( 2,f.~ -l9t2 is characteristic for medium isomers with single­

particle levels; the.second one (IX11/~- ..to/.3/~) for heavy nuc­

( lei·. The parameter _/to of ·osc. has been calculated for J~ from 

the total nuclear distribution as in11. For the other elements 

0 

fo
0 

has ;·,bee!~. taken16/ "-' Pv ~starting from the value of ~o-= tfl5·IO-:! 

j w for Y11;-. 
For i.w. the eigen~values ~~ given by Feenberg17/ have 

been used •. The nuclear radius has been taken as in11: R = 1,2 x 

10-lJ • A :'/3cm For j :f (first kind of transition)181 we get: . 

For 

Ll E cl. tJ.j ll E fJsc::::: !.I 1 Ll E i.w / 1J E ~sc ~ 1. 0 

/1 
19'1- ' . . 

u (second kind of ttansition) we get: 

(22) 

/)..· E .ol. w I lJ E osc ;._ 1.3 Ll E i. w. I fl f osc ~ I.~ (2J) 

Taking in account the emrors in the choice of the parame-

ters involved in these potentials, the results (22) and (2J) must 

be considered quite satisfactory. 

To obtain absolute values for .6E ' 

16/ M. M~yer, J. Jensen: Elementary theory of nuclear shell 
s~ructure - N. York-London 1955, page 2J6. 

1 17/ E. Feenberg: Shell theory of the nucleus. Princeton 
1955 page 15. 

HV For this el·ement the corresponding Cd1;~ d.w. functions 
4ave been used. · 
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termined from experimental spectroscopical data~ We have used 
"' "5 

the h.f.s. data of the ground state given .in 191 .fo~Jn ~ and 
. (I 19~ . 

in2·0/ for 11fn, I applying the corresponding Goudsmit-Fermi:.,..Segr~ 
· r.l.- 115- · r J · 

formulae. For ~ !!!. the shift of the ~ 5 ~~_electronic groul;ld 

II IB!h- . · 
state term has been calculated; for If .1 th~; shift of t.he 

65 ""S;{ ground state term. 
rJ 115" 

The configuration for ~ is known in both nuclear states. 

The incomplete shell has the following.occupation nJJi:hbers 

( l'f r.Y, (' '! cf,) ,' ( ~ y,J; )p ~ Y; / 1'1 9/. YJ ( ;, 't dde) 

,, ,, ,, ( ,t {Jr. / :: 't ~;. )'; ( e.wlrd./ 'Jil;) 
This given9/ with the osc. potential 

E 
tL/ 1/5 -J- _, 

L\ ~ = Eexc-fq,"t ~+It" 10 ~ (25) 

IVf. 
For ~~ . only the ground state. configuration is known

21!: 

( ) 
~ 1 f, ( ) t j If/ ~ 

10 
( c/ ) 

. I~ '1/AJ ' l J,o/ 'fo. ) I 3 s% f \ I k /~ J ; ~ . ~ 

The excited state may be either; 

--------------
19/ J. Campbell, J. Davis: Phys. Rev. 55, 1125 (19J9). 
20/ G. Welsel , H. Zew: Phys. Rev;·-92, 641 (195J). 
21/ H. Zeldes: Nucl. Phys. 2,1, (1956)/57). 
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(27) 

or: 

... f ... ~::. f-!_;._:~i\.-:.~·-~;;,-·: ;,-•·:t::·:,· !~i·· ...... · ;·:·:~:·~ ' .~,···; •. ·- ~·::.· r"';"' . ...-.. -:.. ... ·.·~~.,. -. ·:: 

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

result is, using the osc. potential, 

(29) 

II. EVEN - ODD NUCLEI 

(ELECTRON -NEUTRON INTERACTION) 

According to assumption (A) the excitation of these nuc­

-la is---realised by the transition of the optical neut;ron from 

.the·gtound itate to the excited state. This gives rise to a 

variation of the n~utron distribution perfectly ~nalogou&-to 

(11): 

< ---- • - t. s ~~~~ J<r.: .. ~cr. :t -.<f9; ~ IP ;. ), ·· ,,, , ,or) 
.·,Although the. ~xcitatio;h.does- not.modify.-th-e pro.tonic 

-
. · charg.e d+stribution, t_he electron-nu9leus- in_terac;tion ~ne_rgy 

however .. ;: is. changed, due· to 1;he .electr.on-neutron (e-n)_ inter­

action. If we assume for this interaction the potential (1), 

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

t 

(Jl) 

Using for <jY ~'t!1e expression (2), we find that the first 

term of (2) vanishes in (Jl) and disregarding the thii·d term 

in comparison with the second for the same reasons as in the 

. corresponding formula (12) of Section I we get ,, 

I IJ ~ -t 
. Ll f. =- -;p; .~ c t ll ~ '"'"' "(J2) 

This expression is very similar to the above quoted one (12), 

and the same considerations may be made here on "the general 

trends of the shift. In addition it must be emphasized here that 

the isomeric shift -at even-odd nuclei, -is by the same substrac-: 

tion process (JO) a pure e- n, effect, and thus distinct from· 

the other phenomena studied until present where.this weak in­

teraction is ··masked b;y: other, much stronger ·effects. (In the iso-· 

t.opic shift by the ceulombian electrell-nuclelis interaction, in 

the scattering phenomena by the. nuclear interaction). 

To obtain an order of magnitude for ~E , we assume that 

. g has the value giTen by neutron-electron scattering. 

An average value of 4000 e1r for the well depth of the interac­

, tien potential with the radius equal to the classical electron 

,•: 
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-If' 
radius

221, gives.~~- G ~ IO~·tw3 erg. cm3 • Using the os.c. 

potential and the electron data f~om231 for Hg II (for the 
I I~/)~ -. 

isotope I99) and. from24 ) for JJ'() IV we· obtain for the 

electronic ground state 6s S%., the following shifts: 

~t.. _, -If ~I 
. ' E . ro 7 . 

'd ~~· w ; A E .,_ ~·10 ew 
P€ -

. . . . . ~ ··, 

(JJ) 
In connection with the .above values the remark13 is in 

so far more important here as the electronic data used in this 

sect.ion are probably affected by greater errors; t·he same concerns 

the constant the constant. In addition to this quantitative 

asp·eot' of the ·problem, it must be empha-sized ·that the above quali­

tative considerations· have a:rs:t~her speculative character as com-

" ' .pared with those 6f the first·section. 
~0 .. " : • •• 0 ". 

' . 
,. '!'his is clear from, tlle. the following arglirnent·s~ 

" . 

... · .. 

( l 0 .. 

a) The e-n' interaction· potential is a verY. p<;>o~ d:esc~iption :"- ·- -. · 
II '• o ' " 

. 1:~:~ the real phenomena with which we are here fac-ed •. Beside's··.t~hat·, . 
. ~· . ·. . r" 

'.th~. str,ictly local character of the· e-n potentl.ai flli:1.ke_., _tho· ·, 
' . 

:: .. · ... 

a·tio~s. It is of intere-st to mensi tion for example that tlie' ' 

Racah functions give a - A E increased by a factor .3-5 

in· compa.risC,n with (.32). This fact may _be partly explained . . ·:· .. 

by the weak divergence of the Racah funct_ions in 
---227-B:Felci-in"Experiineiital Nuclear Physics". Vol. II(Editor- _ 

' . - . - ... 
E. Seg·re) N. York-London (195J). 

2J/ H. Kppfermann- Kernmomente·- Second edition. Frankfurt 
a. M. (1956) page 12J. 

24/ H. Kop.fermann- Ke.rnmomente- Firs-t . .edit.ion. Leipzig 
(!940) page 77. 

• > •• 
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the-origin, but it is also not impossible that our·perturbation 

mechanism is not applicable in this particul~r case, although 

the interaction is weak. 

b) The constant b can calculated at present only from scat­

tering experiments where. the discussed interaction ·is a free 

neutron-electron interaction. In the isomerie shift (and in the 

isotopic shift) we have a bound neutron-eleoton interaction and 

it is probable that the corresponding interaction constant shell 

have a different value in our case. This results from the exis­

tence of an effe.ctive nucleon ·mass in the nucl4us, different 

from the free nucleon mass and from the fact.that·the· main part 

of the e-n interaction is due to the magnetic moment of the neu­

tron251. The many-body interaction in the nucleus gives rise to a 

modified. magnetic moment of the nucleon26/ arid thu~ the e-n 

interaction in the nucleus will als·o be modified. A satisfactory 

quantitative approach to this question does riot yet exist. 

c) It is possible that the exchange effects should not be 

rigorou~ly compensated in (JO) respectively (11). At even-odd 

nuclei this may be of greater importance, as the transition 

25/ L. Foldy: Phys. Rev. 87, 69J.(l952). 

26/ J. Bell, R. Eden, T. Slk:yrme: Nucl. Phys. 2, 5.86 q.95.~/57), 
J. Bell: Nucl. Phys. 4, 295, (1957). 
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probabilities 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 quote~ in131. In con­

·clusion it can be said that the arguments a) b) and c) and 

the fact that ~e might here be faced with a pure e-n effect, 

show tha gr~at intere~t of an experimental test of the isomeric 

shift at even-odd nuclei. 

· .. 

III. ON THE EXPERIMEUTAL PROOF 

OF THE EFFECT~ FINAD DISCUSSION 

The exp~rimental study of the short and mediu.>n~li·fe nuc­

lear states ~sa rather·complicated problem both for nuclear. 

and atomic spectr .. oscopy. As conceJming the ·latter two spe­

cific difficulties (these are not the single ~nest) may be 

quoted: lo the relatively big amount of substance necessary 

in these experiment~; 2. the overlapping ~f thi h.f.so 

~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 add.ed: the probable smallness of the 

e~!ect. 
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As the author knows the first ·and until now the only 

~tomic spectrum ef an excited isomer has been obtained experi-
191- 191 

mentally by Bitter and collaborators. ( f.t~ 
1 

halflife "'-' 2J h) 

by a very_ ingcniou~ optical and m~gnetic scanning method271. But 
. 11 191, t9'1- . -

on account of the overlapp ... ing o~ the 11g _ and f../~ h.f.s. spectra 

on one ~nd, and the speptra of the othe~ Hg isotopes on the 
191-m · 

other, th~ h.f.s.'of Hg could not be resolved satisfactorily 

and no conclusion on the excited state,. except the probable lJ/2 

value of the spin., could be drawn. It is clear heerfrom that no 

question of·.isomerictshift could be raised, because the h.f.s. is 

a 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 Ber~­

ley group using a magnetic resonance method with atomicbeams, but 
' 

.. 
>: 
< 

·~,... 

again no attempt to detect an isomeric sh~ft was or cou~d be made ~·. ··~:~ 

in these experiments281_. 

-------------------------
· 27/ F. Bitter, H. Plotlkin, B. Richter, A. Teviotdsle,J. Young: 

Phys. Rev. 91' 421, (195J); F. Bitter, s. Davis, B. Richter, J.Young: 
Phys.Rev. ~ 15Jl (1954). · 

28/ J. Hobson, H. RUbles W. Nierenberg, H. Silsbee, R .sun- · 
derland: Pbys.Rev. 104, 101, ~195"6); G. Brink, J. Hubbs,W.Nierenberg, 
J. Worcester: Phys.-rev. !Q.Z, 1891, (1957). . 

29). J. Brossel, F. Bitterl Phys. Rev •. 86, J08 (1952). 
JO). F.: Bitter - private communications. 
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It is possible that some progress in this direction could · 

be obtained by a chemical spparation of isomers•~ 

At present F. Bitter and collaborators study the h.f.s. of . 
r9:1l#l IJA 1 9'!? J.lj · and · "J by a "double resonance" met~od similar to that 

describes 1n 291. "They intend also to get some information on 

this occasion on the isomeric shift. JO/ -·~. 
The experimental research of the iomeric shift may bring 

new data on the exc:tfati(>n mechanism and on the nuclear confi-

guration and may be ~ 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 the. effect, presents, also per 

se, great interest since this effec~, togehter with the n.f.s. 

effect could lay the basis for .a n·ew method in the investigating . 

o! nuclear e·xcited states characteristics. In spite of the 

technical di:f'ficul ties, some of which were quoted above, the me- _ 

thods of atomic spectroscopy are· simpler than the corresponding 

·nuclear oneao 

We did not intend to discuss all the var.ious problems whiQh 

-------------------------
29) J. Brossel, F. Bitter: Phys. Rev. 86, JOB (1952). -· 
JO) F. Bitter -.private qommunications• 

.. ,_...p.;.' 

. · .. 
.-. . -

• 
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may be put in connection with the isomeric shift, but confined 

ourselves only to those which seemed the most striking in the 

present stage when no experimental data are:yet available.-We 

hope that the present study will incite such experiments. 
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