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ON THE DEVJATIONS FROM THE ALLOWED SHAPE
IN THE ALLOWED{j-DECA Y SPECTRA

B. Eman and D. Tadic, Zagreb

, Abstract

The deviations from the al10wed 'shape are discussed. The
oorrecti1on facnors foOrthe spectrum and ll()ngitudinal polarizatioiIl
ate' calculated including possible h<iighorder cor,rectf;on.

Theal1owed{J~decays can he separetedintQ three groups:
with small .jt-values (log jt~ 3), with somewhat larger jt-va,lues
{3 < Logft<5)a.nd with large jt-va:lues (1og ft ~ 6). The decays
with small and large ft-values were the most inteTesting ones in
searching for possible deviati:ons from the allowed shape. To explain
the devia Hons in {3-decay,s'willthsma11 j t-values (ii the deviations
really' exist) one must sea~ch for same modification o·f the fJ-decay
inter-action Hamiltonian. We tried t'OdoOso with a sbnple modfuii­
cation 'Of the int'emdJion Hamiltonian. We used the nonrelativi:stic
Hamiltonian canstructJed with 'all possible comblnations of avaiJaible
operators, which are mvariant lmd-er the 3-dimensionalrotat"ion
group. Ðachcombi:nation is mu1tiplied by the formfador. Only the
terms linear in the nudeon momentumand V-A-P combinati'on oi
{J-decay interaction are taken. In such a,modification the standard
{J-decay theory 'iJS includedas a particular case. Itseems that such
a s±rnple modifitcati()lnis not calpableof descrihe 'alll the 'Oibserved
effects.

Of course, the best way of searching for effe-ds which are
oonnected with the structure of interaction Hamiltonian istorriake
measurements .of the spectra land longitlidiriaJ polar1'!zatl0nin mir:r'or
and' 0+ --+ 0+ {J-transiti:ons. W'eGalcu1ated'the nuclea,r IIlatri:x:-eie~
ments foOTsuch transitions on the basis6f the shell model (Table 3).

F.or same' transitions with l;:trge jt-values 1.1ispossible to
descrli.he the devi:ation from ,1JheaUowed shape with the standard
{J-decay theo'ry. One of such tr.ansiti'onsis l-forbidden transitioOn;
which is di'scussed in detai'ls and some, exp:eriment;s ar,~ suggested.
A list of transitionS which can ,be da'ssiHed as l-f.orbidden, i:sgiven
in Table 4. The'mostcharaeteriStic ca'sesare those, with large
ft-value.



90 B. Emart and D. Tadic, Zagreb

1. Introduction

High oroereorreetions to the aIlowed fJ spectrum are od:great
interest ·at the present starge of development of the tJ deeay theory.
Systematic deviations fram the allowed shape in some spectra' have
been reported [1], [2], [3], [4], [5], [6]. These dev'i'ations can be pro­
duced by same intri'nsic properties of the p decay inter,q.ction {of
course, comhined with the i'nfluence of nuclear, strueture), or by
the influence of nuclea'r structure 'Only. The influenceof nuclear
structure occurs in nudear matrix elements, and the intrdnsic pr()­
perties of the fJ decay inteOO'etiona,r:eeonnected with' the iorm of
the interacti'on Hamiltonian.

To obtain same conclusions we started from a slightly gene­
rali;zed nuclear non-relativistie Hamiltonian andealeulrated an
possible high ordereorrections. The reasons for choosing such a
Hami1ton:ian are the following:

a) The sucees of non-relativistic models of atomrie nuclei indi­
cates that fJ decay may bee descciJbed by a non-relativistie Hamil-
tonian too. ' ,

b) Nuclear matrix elements canbe calculrated only by non:..
relativistie nudear in:odels.Thus it s,eems mare natural to start with
the nO'll-relativistie Hamiltonian thanto make, the non-relaiiv,i.stic
approximation of nuclear matrix elements [7], [8].

e) The guidi71'gprinciple in constructing our Hamilton:ian was
that it had to beobtained from the relativistie Hamiltonian. (For
example, by the Foldy-Wouthuysen trcllIlsformati:On[9].) Themvesti­
gatiJons of the n!()nrelati'visticapproximations [10], [11],- [12], [13]
mdicate that almost all' possible combinations of.available operators

(nuc1ear moment p,nuclear ra<;Liusr, a matrix, and lepton oova­
riants Land Lp) should be obta,i'ned. They ra'remultiplied by diffe­
rent f'Grmfaetors, whose strueture depends 'Oll the assumpti:on about
the strueture of the relartirvisticHamiltonian.

d)The investigation ·of mesonic 'eff.ects in fJ decay [14], [15],
[16] indicates that some new terms can be induced. The strueture
of one of them is the same as our term with B4. The second,
»induced pseudoscalar« is not of. the same structure, as the pheno­
menological ,ps·euJd.oscalartermintroQuced in Hamiltonian (1). SOme
preliminary investigations show· that such a term cannot signifi­
cantly ohange our conclusions [41].

e) It seems that the p interaction is of the V-A type. We chose
the lepton ,covaI1'antsin argreement with the propositionsgiven by
F e y n m.a n ,et 'al [14], and in agreement with the. two-component
neutrdno theory .

f) in our" caleulations, we asswried that all terms except the
commonones (Le. aH terms with the fo'rm fadol's Bi)joould give
only small oorrections (up to 1010/0). We, theI"efore, ealculated only
the cr.oss terms with the leadi'ng terms.
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It is possible to con:struct quite a general phenOmenolo,gical
theory. In such a theory 'all terms must' he treatedas equally

, important,
, Our non-rellativistic Hamiltonian is then:

igv -. .. -. gA -.
+ M B4 (PL X L) - gv B5 (o X r) L + gA oL+ -,- BG a PL L +2 ' ,. 2M

g 4 -+ -+ g1)· -+ -++-'- B7 L a P + 2 i gA Bs ar L- -- B9 a PL Lp - i gP BiO ar Lp (1)
M· . .. 2M . ,

PL meansthat P oper.ates .on the lepton wave functiions .only. L, L
and Lpare the lepton covariants for the 'axial vector, vector and
pseudosca,lar, respectively. gK are the f1 decay couplingconstants.
Bi are unknown form factors, eontaining all possible influenc,es,

With B5 = Bs = Bl0 = O and with ,all .other Bi equal to one, the
approxi.ril.ation {)f Case I in r,ef. [13] isobtained. This corresponds
to the usual form of thef1 decay lheory .. According to weak
magnetism hypothesis [15] we can estimate B4 ~ (fl-p - fl-n)/ 2 M.

2. Correction Factors for Fermi and Gamow-TeHer Transitions

The correcti-on ractor for Fermi, transiti'ons is given by

fJ 2 I ·1 .CF=9v( <1> 2C1F+<1><r2>*C2F+<1><Bl>*C3F +
+ <1> <iB2rp>*C4F + <1><r2B3>*C5F) (2). '.. .

with
C1F = Lo

( q q2)C2F=2. 3 No- ~ Lo
1 . .

e3F =M [(U + 2q) Lo..,-Po]

C4F= ~ (~ Lo-No)

C5F=4 (: Lo-No)
U=W-V-'-q

v=- aZ
ro

All notatio.ns have the us:ual meaning.

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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If the influenee ·of the term C2p 'is 'impo'rtant CL e. if the ratio
'Of matrix elements < r2 > and <1> iS not 'very small) it is neces­
sary to take the variation of elF with T into a,ccount with higher
accura'cy. The actual fo·rm oi Lo is

Lo = Ai(Z,W) +B{Z, W) r+C(Z, W) r2 +... (10)

It is, therefore, necessary to repI.ace (3) and (4) by

and add

ClP ,,' A(Z, W)

',( q , q2 )Cu=2 T No- fr Lo + C(Z, w)

(11)

(12)

elP = gv2<l> -< IrI >*B{Z, W) (13)

to (2).

Ii the replacement 'Of(11), (12)1lIld (13),isnot made it is neces'­
Sary to make the' est'iJrnauon <r2 >- ~ < 1> ro2 to be consequent.
That was ov'er1ookedin previous calculaUons [7,8J, but the validity
'Of such a: treatmen tcan ea..silyhe cheked' by making a compariSon
withealculations in the plane wave appraxirnatian.

,Lorngitudinal polarization is defined by

, pIJ
P= + ~ - (14)- W CIJ

Pe is theeleetrolIl momentum. T:he U!pper arnd'lawer signs r:efer to
the electron andpasitron em:ission respectively.

PpfJ ist 'Of the form:

PpIJ= gv2{1<1> /2PlP+ <1> <r2>*P2P+ <l><Bl>* Pgp +

+<1><iB2rp>*P4P+ <1><r2Bg>*P5F) (15)
with:

P1P=-Aon

pu = (-~- q2Ao - ~ - q Co) n'
1

Pgp=- M(W + q- V) Aon

2 ( q)P4F=M C(J-TAo n

P5P = 4 (CO- ~ Ao) n

n = cas (Lh - .1-1)

(16)

(17)

(18}

(19)

(20)

(21)
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Th~ form of AO is

AO= E{Z, W) + F(Z, W) r+ G(Z, W) r2 +... (22)

(24)

(23)'-\..

Ii the varia'tion of r is important it is necessary to make the
replacement: .

PIF=-E(Z,W) n

( 1 2 .)P2F = 3 q2 AO - 3 q Co - G (2, W) n

and a!dd I, •

PIF - - gV2 <1 > <Irl>* F(Z, W)n (25)

The definitions of Ao' 130~Co, Do, A(Z, W), 13(Z, W), C(Z, W), E(Z, W),
p·(Z, W), G(Z, W)and nk aregiven in Appendix I.

The oorrection faetor for Gamow-Tel1er transi:tions is

(26)

± gv < TlO> < i 132r T 11 (p) >* e6 GT+ < TlO> < 136TlO>* C7 GT+
gA

V- ....•. 1
<TlO> <136T12>*. 2CSGT+ <Tl0><i137rY10p>* y3 C9GT+

. gp . . . . .+ -.- <TlO> <139 T10>*ClOGT +
gA

gp '.. . Ir.; . . gV . ( ;:',+ -.- <TlO> <139 T12>* r 2 C11GT± -'- <TlO> <r2 135T18>* +gA .' gA. .'

+ Vi <r2135T12>*) C12GT+<TlO> (-~ ..' <r2Bs'tlO>*~2. :

V2. ) .' gl". (12 *-..3 <r2 13sT12>* C13GT + gA <TlO>. 3 <r 1310 TlO> -

Vi . .).-3 <r213l0TUi>* .. C14GTl
wiith:

(27)

: (28)
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, 4q

C3GT=--gNQ
(29)

C4GT- ~- (Po-ULo)'
3M

1
C5GT = - [Po-3No-(W -V) Lo)

3M

(30)

(31)

2 (q _ )Cl)GT = M 3 Lo+ No

l' , . -
C7 GT - [(U + 2 q) Lo -' Po]

3M

(32)

(33)

(36)

(37)

(38)

(34)

(35)

CSGT = C5GT

C9GT= ~(-i Lo-No)
1

ClOGT =--. (Lo- U PO)
3M

Cl1 GT = ~ [(W -' V) PO - Lo +-SRo]
, 3M

" 2M
C12 GT = :..--- Cl) GT

3

C13GT = 2M C9GT (39)

C14GT = 2 (i PO +Ro ) (40)

The upper ,and lower sign'Srefer to the· eleetron and pasitrom emis-
sion, res~vely. -

Ii the variation of r is ,important it is necessary to m&ke a
change. in the expression (26)

Cl GT = A (Zo W) ,

q2 2 q
C2GT= 3 Lo+g No+C(Z,W)

Cl GT = gA2 <-T1O> < I T I TlO>'" B{Z, W)

The definition of the toosor operator is

TfA (v) =~ (1ji Am' 1AJ M) V1V Yi
. t'•••

(41)

(42)

(43)

(44)

where v is the vectoroperator. (The 'Operatora is omitted in our
notation for nuclear matrix elements in (26) and (45).)The relevant
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tensor operators are given in Cartesian representation in Table 1,
with the eorrespondingrelection rules.

Table l.

Tensor ,operator Carte,ian components Selection rules

u
!J.] = Oj 1 .JI = O .JH ~ O

.J]=·Ojl .J1=O;2 .JH=O

r Tu (p) .JI=O;l.Jl=O All = O

1 _-.
Y4n Y3 r(a)p)

.JI = O; 1 "sl = Oj 2 .J1I = O

---------_._----------------_._------

L11 means the possibility .of changing the orbital momenta. This
seleclion rule can beformulated :only aecorcling to the shell moo,el.-.
The operator T12 (o) (see the terms C5GT, C8GT, Cl1 GT) a'OtsotIlly an
the--roll'gularpart and final statemust bethesame. (Thatis not valid-~
f~:r r2 Tl2 (a).)

Exeept the common terms, some rparts 'Of the expresstons (2)
and (26) were derived in rei. [.18]. Morita'strea,tment [7,8] will.
give the same result as the preS'ent one in the ,ease Z = O, if the
rela,tions of Feenberg et al [19] and Yamada [20] between the
nuclear matrix elements 'Of Morita are used. (Of course, with an
app1"Opriate ehoice af the nuclear for::rn:factbrs Bi.)

. Longituclinal polarizaton can he calcula,ted by the expression
(14), where PGTP is giiven by:

pGTP =4n gA2 [.1 <Tlo>J2 PlGT + <TlO> <r2 TlO>* P2GT +
V- gv ..+ <TlO> < r2 Tl2>* 2 P3GT ± --~ <'TlO> <B4 Tlo>* P4GT ±

gA

gV v-+ -.-<TlO><B4 Tl2>* 2 P5G1' ± .
- gA

gv . . .' .
± - <Tlo> <i B2rTu (p»* P6GT + <TlO> <B8 TlO>* P7GT + .

gA . .

V- . -. 1
+ <TlO> < B6T12 >* 2 P8GT + <TlO> <i B5r ~l o p>* V3 P9GT +

gP . .' gp v-+ -. <TlO> <B9TlO>* PlOGT+ <TlO> <B9 T12>* 2 Pl1GT ±
gA gA
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+ gV <TlO> ('<:r2B5 Tl0~>*+' 02~,<';<B5T12>*)Pl;Gi+'-~ ' ....•...... ,

( 1. .V2 )+ <TlO>· 3 <r2BSTlO>*-3 <r2BsT12>* P13GT+

+ :: < TlO >U <,., BI; TlO >,- ~2 <,., BIOTJ> >,) Pl' GT] (45)

with

(50)

(54)

(55)

(48)

(46)

(47)

(56)

(60)

(61)

'(51)

(62)

'(52)

(53)

, (49)

P1GT=~Aon

P2~T~ (~'qCo+-; Ao)n
. 4·

P3GT = ~ q Con
9

2
P4GT= - U Aon

. 3M

1
P5 GT = 3 M [3 Co + (W - V) Aa] n

," . .

P6GT=~ ~ (Co+i Ao) ~
, ' 1

P7GT= - - (Eo- V) Aon
3M

PSTG. .P5.GT..

PilOT ., ~(Co- -L A.o) nM 3 ....,

1
PlO GT= - ~-, Aon

3M, .

P11 GT = 3 ~ (Ao':- 3 Do)' n
2M

P12GT=- -_. P6 GT (57)3

P13GT= 2MP9GT (58)

P14 GT = -2 Don (59)

If the variation of T is taken intt>account one has to replace (46)
and (49) hy

Pl GT =- E (Z, W) n

P2GT= (~ qCO + {2 Ao- G(Z, W») n
and add. the expres,sion

P1GT =- gA2 <TlO> <Iri> T1o>* F(Z, W)
to (45).
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The ,a'hovee~ess'tons: for the correctkm factons' in the low Z li!nirt
are given. ~ f\.ppendbc IV.

3. AppLications

For the elements Na22, Na24, p32, Z,r89, II1114 the deviattO\IlSfrom
the aUowed shape result fin the decrea:sing of the spectrum shape
faJCtor with the e1ectron energy for e1ectrons and piosd.trons.The
experimental,re.Bults are given in Table 2.*

TabIe 2

Type of decay
Element

Ma.".· energy in Me VE"perimental &hape fattorReference
log Jt .

Na22

p+
1-0.016

[4]W 0.545 1
+b .

[2]7.42 W' 0.23 < b <0.35

Na24

p-
+ 0.072 [4]1 W1.389

6.11

1-'- 0.015W [4]

p32

p-
l - 0.041W [4]'

1.707

1 - 0.042W ± 0.01Wpriv. como

7.9

b

[1]1 + W' 0.2 < b < 0.4

Zr89

p+

. b
0.25 < b < 0.45 [3]1 + ~ W0.897

6.1
1 - O39 W + 0.09' W2[3]

In1l4

p-

b

[1]
1 +

W' 0.2 < b < 0.3

1.984
4.4

• Note added. in prooi
••The P spectr.a. of In114 and p32 Ihave been measured recently by

N~chols, McAidams and Jensen l(IPlhys. Rev. 122 (19&1) 17~
They oIbitained 1Jh.e next resuJ.rts

element experimental shape fador
In114 1 + (0.0036 ± 0.002:1) W
pa! 1 - (0.0133 ± 0.0011) W

The resu1t far pa! is in qualitart;irveagreement wi1h reSUJ1tod: ref. [4],
but :llorInl14! iJSin diSagreement wiJth ref. [1]. Dr .. MlcAJdamsiru&mmed
us thattheir results need aditional justification. The alUtll:orsare very
thankrfu:ll to Dr. McAJdamsfor tJhis communicatioDlS.
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Case I - small jt-v.alues
First we shalI discuss the possibilitY.Qf pToduoing the dev~ations

from the aHowed 'Shape by some in trinsic pmperties of the tJ decay
inter:acti;on. The consequence of suoh hypO'thesis is that the devia­
tion is presen t in all allow:ed decays. * The most sui tabJ.edecays for
studying this pl'lOblemaJre tJ decays with low jt-values. We can
a'ssu.methat the contributions 'of the conection factors C2 F (4), C2 aT

(28), C30T (29), P2F (17), P2GT (47), P3GT (48) are small because their
nuclear matrix elements are of anorder od:ro2• (There are same cases
where the influence of nuclear structure can marke these term s

important, for example the decays with l<ir-gejt values, log jt ~ 6
01" even larger. This will be discussed in. Case II.) The other cor­
reetton fa.etors can become important because the fQTm f.actors Bi
by which they are multipUed may be perhaps la'rger than 1. From
the present calculations it seems that the exaet expression for Lo
ete. [46], [47], Hnite sire correcUons [44], [45], correction for screen­
ing [44], radiative correction [48] and correction due to the inner
bI"emstra!hlung [48] can change the results for 'Only a few percents.
Since we aretrying ta expladnthe me.asured deviatio'!ls which are
at least 10 times larg,er, we can ne.glect such fine correc~ons.

The correction factors for the alIowed decays can then be
written in the low Z appr:o<ximation. (This corresponds to the ~
awroxima.tion ofK>otant et al. [42])

CfJ = gv21 <1> 12 CFfJ + gA21 <;> 12 COTfJ

pP = gv21<1 > 12p;.p +'gA2 1<;>12 POTP

with

2B1 ,(EO) 2B1 " 1 (BlCFP=l+--(Eo+~)+a-' +r --w---+M - 3 - MW M

pFfJ =- [1+ ~ (Eo ± 2~)+ a (~o ± ~)]
2

a ,-'-, ',B2t:l + 4 B3 t:2M .

1
COTP = Cl + C2 W- + C3 W

POTfJ =- (C4 + C3 W)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

* That is also the consequence olfthe hY1pOthesilSaJbOlUJt an admix­
bure of the Ineutrilno with the spin 3/2 ([23]),ex<:ept in 0+ -'>- 0+ transi,'tiIOlI1'S.
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Here we use the following abbreviat1ons:

(Cl) = 1_ at{Eo =+ 3~) - ~ (Eo + 3 ~) =+ _1_ B6(1- U4) ~ -C4 2 3M

-:- 3 ~ A B4 (2 + U4) ~ + ( + ) a2 (70)

_ gP 1 C3
C2 = al + a2(Eo + 3~) ± - -- Bg(1- U4) ~ - - (71)

gA 3M 2

2A . .
C3 = ± 3 M (2 B4 + 2 B2 U5 ..,.- B5 U3) . (72)

.. 1
al =- (B6 + 2 B7 Ul + 2 B8 U2) 3 M (73)

gp 1
a2 - - (Bg + BlO U2) - (74)

gA 3M

The tipper and lower signs refer to the electron and positrOiIlemis­

sIDon,respectively. ( + ) in the last term of (70) means that - must
he taken for Cl and + for C4' Eojs the IDaXimal lepton energy. We
asswned that the r dependenceof Bi is not important. The other
notationsused are as fQllows:

~~Iazl2ro [

A= I::'

(75)

(76)

El =

E2=

<irp>
<1>

<r2>
<1>

(77)

(78)

<irYl ap >
Ul= <TlO>V3

2M v-
U2 = 3 < TlO> « r2 TlO> - 2 < r2 T12»

4M v2
U3 = ---- « r2 TlO> + - <r2 T12 »

3 <TlO> 2

<T12> v2U4= ------
<TlO>

<irTll(P»"'5=-----
<TlO>

. (79)

(80)

(81)

(82)

(83)
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Ifthe r:eason .of the deviatibn:s is reail.ly the iintrinsic property of the
p decay /irnte~action it can he examined by measuTmg the spectrum
shape 'and 10ngitudinal polarizattOltl in the superaUowed transitions
[21], [22], [35]. For such flecays sa:ttsfactory proposiUons about the
relativ,e sign and theorder !p-f magn~itude.of the nuc1ear matrix ele­
ments oould be doneO'Iithe basis .of the shell model. Thus we can

separatetheeffeds pr:oduced by the inf1uence tOf nuc1ea'r struct~e .
.The examination of the eorrectiQn factors (63) and (64) snows

that ii ep is ·energy dependent, then longi.tudinal polarizatton for
same cornbi1fations ,of parameters can V'ary .with energy too .. The
direct /informatian on the variation 'Of pP With the electi:on ener:gy
can he very useful1Joo. AccoI'lding to thiS we definedi the»re1ative

l'ongitudinal ·polari~ation«. (~ee Appendix I).
" In Table 3 the rnucl,ear matrix elements for mirmr transiti:orns

caleulated Qn'the baSis of the shell model are gi.ven.

Table 3.

5

5J l
I -+ 12. "1--"2 ---"3"4'''5

.' ;<:.: ri> " ~M r.~4Mr~.

1

11 1 1
2

O 3
v8

O

{G
1

11 -li,2

1
3

-334
v24

3

513 621
2

1
3 ~245 "55{i·

3

2
3

1--1 22-~~~'2
5v40

5 -

713 94

V3~2

2
5 777-/40

5
3

5 13 98
-V~~2

7
\156

,5 55

7

911 42

V2272

3
7 ";56

3 33

1<1> 12= 1,

33
For

allca5esholds: El=- -,.,andE2=- To2• Jis
2

5
the

spin'OftheiJnitialandfinalnuclei, I ;is the' orbitalangular
momentum 'Of the last nucleon.
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(68a)

The radia! part o'f these matrix elements is ealeul·atedW:ith
osci1lator wave funetions.IIlormalized in sueha way thatth'edhlgoncil
matrix element :of T2 is always 3/5 T02• This table covers all k:nown,

mir:r.or transitions. The corrected. va:lues of 1<;> 12are given dm.

:ref. [24], [25]. It seems thatthese correction:S'would not inf1uence,
the ratios of the nuclear matl'lix 'elements Xi too much.

In the sta:ndaT:dp decay the'ory, the correct~on faetors fOT {3'

decay and 1ongitudP1al polarization. "for mirrlOr traa1BiitioilSa,re given
with ':the formulas (63) and (64), where we have

.er = 1+ ~ (Eo - <1 +a (~o_ < ) - ~ w - ~ ( ~ + :) (~a)

pFP =- [1 + ~ (Eo- 2~) + (i (~o -~)] (6,6a)'
2

'(i = - tl + 4 t2 (67a)M

- - 1 " ­
COTP = c1 + C2 W + 03 W

(69a)

- - C3" 1
Cl = 1 - al (Eo + 3 ~) - -" (Eo + 3 ~) +M (1 - X4) ~ ,.-2 3

03C2=al- -
2

- 2A
C3 =~ - (2 B4 + 2 X5). 3M

al ' ----,(I + 2 XI) ~.,: 3M

(70a)

(71a)

(72a)

(73a)

'.. ,

B4 dsone, 101' according to the weak ma,gnetism hyp:othesis B4 ~
== ftI'-ftn. ,

For example, the correc1ii1onfactors CPa:nd pP fOlI' the transitions
Al25-+ Mg25are drawn as a: fu:nction.of 02 (71). The other tenns a.r~
giv·en as in the standa,rd p decay theory.

0+ -+ 0+ tran:sition.scan give some information a!bout the prure
Fermi interaction. The nuclear matrix elements in such a caseare:

3 3
1<1> 12,2; El =- T; E2 = 2 T02•
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r .

For pure G.-T. trarrsi:tions we can make the following conclu­
siOIliS from the correction factors (68) and {69):

Fig.2.'lbe same as in Fig. I, only
B4 = 4.705.

Fig.' 1. TIhe CIOII'Ire01Jion facto!I'S CfJ
110r ,the ldiecay of AJl25 is 1P1otted
as a ftIDction of energy in arbi­
1lraJry iUlIli1Js. 0UlI"VIe I COIlirespOlO.dft'
to CFfJ (65a)8lI1Id CGTfJ (68a). CUJI"Ve
II 1Js rdir!awn :flor C~ = 0.3. B4 ,is

talken 1.

cl!

1.101,091.081,071,061,051,041.03
2

34561 W nic'

C"

1,101.091.081.071,061,051,041.03
2

34S61 Wmcz

pl3

t08

1.07

1,06

][

I

Fig. 3. The OOl'Irection faJCt<m; for
the relative lloogiltwcli:n'8Jl paiLaln­
zatiJonfurJthe diecoay of M25 atre
plotted as a function of energy in
arbitrary '1mi1s. Curve I corres­
POnJdJS i1JO B4 = 1an!d OuI"ve II to
B4 = 4.705, PfJ!i:s given with <the

fQrmrul1als (66a) land (69a).

1 2 3 4 5 67Wrnc1

a) It is pnssible to combine the factors C2 (71) and C3 (72) [n
such away as to obtain the correction factoTS which decrease with
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energy for electrons and positvons. Sut the shape of the correction
factors will then not he the same for 'electrons and ip'ositrons.

IP/Vic I
,

1.0

0,9

0,8

_~ ..,.--__ . 1
II

1 2 3 4 '5 6 7 W mc"

Fig. 4. The aJbsotlJUteV18llu.eof lon­
gitu!dinal pola1"i'zatioiIl of positrons
dlirvided by v/c for the diecay of
Al125is gQ,ven as a :flunction 10rfthe
electron ~el'Igy. Ourve I corre5­
pOII1!ds ,to C2 (7'11a)and Owrve II
oonr'espOlI1d1s 1lo C2 = 0.3. The '1"e­
lSulIi1lsare inJse:nJsiJtiJveto the dham-

gesof m.

b) The relative sign of the nuclea,r matrix elements' may be
rather llnportant. In our version we have same terms 1inear in
nuclear matrix 'elements, for example <tI'to'><rrll~>~f(Z, W).
The relativ,esi'gn of suchcombinations can ;in pririciple: vary NOIn
nuclei to nuclei, so it is not :possible to deteI"lIlineuniquely the sign
of such terrns for positrons 'Or electrons respectively. This caused
great clifficulti:es in making some g,eneral conclusions.

cl'

1,3

1,2

1,1

1,0

III

Fig. 5. TheCOlnJ:lOOtiJoln ~81c1lom ep
mr the decaJYof In114 aJre pI1Jotted
als a :liUJnctionof energy. 0Ur:Ve I
refers ro the corrootion f181ctor

02 .
1 + W aJn!dOuJrve II to the COf-

rection .factor 1 + ~ .

0,7
1

2 3

3

I
il

Fig. 6. The absolute vaJ.iuJe of
long1tudinaJ1 po1alrirmJtion of e1ec-

trons divided iby .E... i:iIl,the decay
C

of lin114 \iisgiven alS a funidtiJon of
e!1ectron eIloogy. OUIrVesI aJnd II
OOIIrefpmJd 1lo 'tihe OUJI'IVI€JS I and
II in Filg. 6 ~vely. TIhe
e~tall rpo!int measured by
S p i v ,aik et aH 43], is indicaJted.

c) The v,ariationof longitudinal polariie:at1onwith energy can be
rather large in same cases. For example, in the case <Q·fIn114, although
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(89)

(88)

(90)

it has ft = 4.4, it seems that' it is poS'Sible to maJke a suppositi()lIl
that its spectrum. shape ds nat influenced by l11.ucleaxstructure. Itis
taken C3~ O ,and Cl 'and C2a~I"eadjusted ta reproduce the spectrum
shape [lJ. Then the ealculated langitudinal polarizati'On WliH have
a variation ofahaut 201°/0 with! ,energy. (See Fig.5 .and Fig. 6)

Spivak et al. meas ured l'ongitudinal .pola'rizatioiIl at 300 kevo
v

Their value, (-0.93 ± 0.06)--, is in poor agreement with the eal­
C

culated one. ':Dhemeasurement 'Of the variation 'Of langitudinal pala­
rization with ener.gy,ean serve as ,a;gIO()dtest.

d) pP conneeted wlith meJaJSllrements of the reJ.ative l'Ongitudinal
polarizatian (see Appendix I) is independent 'Of energy, or varies
1ineaxly with energy .

e) It 'is impossible to make any definite conclusJionsab'Out the
presenee of the pseudooca,lar type.of il11.tera'Ction.(a2 im the expres­
sions (70) and (71).)

f) It seems that with a I1easonable ch~ce .orfthe f.orm facto'r Bi
it iis'.impossihle 1ioreproduce the same,deviatian from the ,aJlowed
shape for P+ aIIld p- decay. The :Domi factors Bi must be smaJ!
enough sa that it is not necess:a;ry to take inta account the terms
with the squares of the fDrm factars. Of counse this conclusi'On is
not sure €I11.ough,because it !is. diffieult to take into acoount the
influenoe :of nuclear structure. WR can obta1n some definite conc1u-.
sions only in :an extremely simplif&edcas,e.

W,e shaH !investigate two hypothetical nuclei, one decaying by
p- and the other by P+.Let th'em have the same values 'Of Eo, ~
flJIld"i. We 'are seeking for such a Bi ,as ta obtain the same spectrum
shape for both nuel,ei. The f,irst conclusion rusthat C3must be smaIl,
since it chang;es the sign for P- and P+, and we shali neglect ito The
conditions 'On Cl .and C2 are: Cl>O and 0.2 <C2/ Cl< 0.4 for p+<

and {J-:decay. The first oonditio'll is obvious, and the second follows
from the expeTlimental resuits.

The c:orrectionfactors can then be wr:itten in the form:

Cl= 1 - Eo al + ~as - a2 - ~ a6 (84)

C2= al + a2 Eo + ~a4 (85)

a3 = 3 al + a5 (86)

a4 = 3 a2- a7 (87)

al anda2are ,given by (73) md (74) respectively.
1 '

a5 = 3M B6 {1- "4)

1
a6 = - ,A B4r(2 + "4)3M

gP 1 'B (
a7 = gA 3 M 9 1 - "4)
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With conditioTIS
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(91)

(92)

we have six equations for S€venpa'rameters ai. The soluticms of the
system are:

1
--- (xz + z Eo-x'a3 ;-Eo-aa; Eo + a6; Eo)l-Eo2

1
a2 = ---- (x z Eo + z - 1 - a3 ; - x a3 Eo + aG;)Eo2-1

z-ya3=--
2;

(93)

(94)

(95)

(96)

as and a7 are mxed with the equati.ons (86) and (87).' For reasona'ble
choices 'Ofy and z we ,can'fit these resul ts with very large Bi. In such
awayaJI ,thecalculationsaI1e not valid because the quadratic t'erms
with Bi must be taken inro .account. For example x = 0.3, y ~ z,
X4~ 1 we obtain B4~ -250.

Since such a cOIIlclusionis obtadned for a case that does not exist
in reality, it can serve only as animdii:ca'tion, and not as a proof.

With the modificatinn of the '.p decay theory proposed by
K u c h lOW i c z [26] it is dif:liicult to reproduce the 'SMIl,edevi.ations
for p and P+ decays. The theory 'OfKuchowicz isaparticula'r 'case
of our version if one takes into a,ccount the time derivati've too.
All Bi are ·sm.all exce.pt B6, which is connected with Kuciwwicz's
B as follows:

o~=-B ~~

So. we shall n,eglect aH term's except the"term with 136.and add'the
time derlvative term to the corl'ection fador. Wi'th the notation

the result li:s
C=Ca and B=Bo (98)

2 _ 2. 2 1

CGTP = 1-ce + 3" B) Ed + 3 B(2 + x4) ;+ 3 B W (99)

The ·1Jhirdterm chmging1Jhe sigiI'lfOr P- - :and P+colul:d DJOItIbe smaJl1,
Because B must be large enough to give the observed deviatilOn.
X.4, which repx;esents' th'e influence ,oi nuclear structure, will v'ary
from nucleito !Iluclei..
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ease II - large f t values

Ii the ohs'erved deviation resuIts fvom the effeet dependent on
nuelea,r strueture only, then it d:simpossible to makeany general
predietions. The effectcan vary from nuclei to nuclei, 'aJndit may
bedependent on the f t value. The dev,1ati,0llmust not be present
in all allowed aecaY's.The correetion factors which were neglected
in Case I ean'IloOWbe very important. These f.aetol'S'are obtained as
a ,resu1tof further expansion .of the lepton covariants in the poweI'lS
of r. For ,all other terms, exeept the dominantone, we took 'Only
the terms with the lowest iPossiblepower 'of r. The ehoice of the
form faetoiIisis ,giv,enpn page 93 and 114. (F1orpos'S~blemodifiicatii()ll1lS
see :r.ef. [13].)

l-'forbidden Transitions

(100)

(101)

* (TlO) exp ds ,CIaI1OUi1artJed by :the aippToximation COTP = 1, so this vaJ1ue
can oorve ooJ.y far rough estimatiJon.
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In the low Zlimit approx:imati1onthe correction factor will be
approxJimately

4 1
CaTfJ = 1 - %6 - [W2 + W (3; - Eo) + - Eo - 3 Eo ; - 1] (102)

27 W

and for the relative longitudinal polarizafum (Appendix I)
4

paTfJ = - {1-x6 27 [W2 + W (3; -Eo) - 3 Eo;]} (103)

For positrons it is necessary to replace ; with -;. It follows
from (102) that for a not too hiigh energy CaTfJ is roughly of the form
1-aW
where

4 . 12
a = -'- X6 (3 $ - Eo) [1 +X6 - Eo ;]-1

27 27

The value of a ~ 0.02 is approximately in agreement With the
results of Dan iel [4]. The correction fador CfJ, pfJ and longi­
tudinal polari~ati'On are plotied in Fig. 7, Fig. 8 and Fig. 9.

(4

t07t06t05',0'1.03'.021.01
o

Fig. 7.'Dhe COIl"I'eotion faCto1l"s efJ
(100) for the decaJYof p32 :are pilot­
ted in aII'1bitr.<n"Y UIIliJ1lS las a funct­
ion :of the momentum. Culrve I
oorrespcmd!s to "6 = lQ-2and

Qurv!e TI to "6 = 3 . 10-3.

, P·VW~l mc'

Fig. 8. The C01'1l"ectiJOlIl facloris for
the !l'e1aJtiJve lQlIllgi,twdiiJl1'a1 polatri­
za!{llon :001l"the dooay of p32a1l"e
plottedin wbitmry rua:lits as a
funetiJon of the IIlIQ!Ilierutum. 0Ur­
ves I 'alDJd IIoomespond to Ou!rves
I and II in F~g. 7, respeclivetly.

, D'(W'1 mc'

Some consequence 'Ofsuch .an ex;planation are:
a) The deviation fO'r fJ+ decay can be different and CaTfJ can

be incl'eased by· theelectron energy:ii "6 has the same sign as :for



108 B. Em.anaiD.d D. Tad1c,Zagr-eb

P32. (Of course, that depends on nuc1ear $tructure.). One can sea:rch
for such effects in some {J+ l-forbi!dden decays with laI1geft va,lues
(perhaps Ge68 0'1' Ge69).

1.07

1.05

1.03

1,011==+- --.....;,_
0.9Q n

0.97

Fig. 9. The albSOO.iUJte V.aI1JUe olf 10lIlJgd.­
tuldtinall. poI1~artliJoo. of e1Jectroos di-
vtidJed iby ~ :fOor 1Jhe decay of p32 is

C '

pl0,tted as funotiOill olf rtJhe m~tum.
Tihe experimenlta.il pofunt mealSlUJred by
S p iva k et all [43·] is ind.ic:atted.

4 p. VV1-1mc'

b) rf in the f]decay interacHon there is someJintriJnsic effect
pr:ooucing the deviation, fi:twill oombine with the efreet caused by
l-forbtddenness.

·c) The PGTP will be energy dependent with rather a la'I'lge
variation. The mealSurementof 1Jherelative longitudinaJ polarization
(Appendix I) can, therefore, serve alS a test for the 'ah-ove theory.

'.Domake the problem c1ea'r:erIi.t will beimportant to make
measUJ"ements in the ca:se of same 'Other l-forbldden transitions.
They are listed in Table 4.

Table 4.
1. Even ANudei

lnitial nucley
and spin

Final nude)'
and spin

lnitial and final
conf;guration

Decay and ma­
"imal kinetic
energy MeY

log ft

0+
p­

1.707

7.9

5.2

5.0

:;::;;;:7.8

p­

5.1

p+ > 5.1

2.91

p+

0.656

p­

0.1

d 3/2 • 1/2

P 3/2

f 5/2

P 3/2

f 5/2orp 3/2
P 3/2

d 3/Z . • 1/2S·32 p3ZU J
15

0+
1+

p34

S3415
16

1+
0+

c 62

N·62
29 U

28 J

(1+.0+>

0+
64

N·64
29Cu 28 J

1+
0+
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c' 64

64'f 5/sP 3/2 p-5.3
2\I·u 30Zn or1+

0+p3/2 P 3/2 0.573

N·66

66f 5/1P 3/2 p-o ~4.1
28 J 29Cu

Qr0+
(1 +>p 3/2P 3/2 0.20

68

68
P 3/2f 5/2 p+6.732Ge . uGa

or0+ 1+p 3/2P 3/2
0.7

68

68
P 3/2f 5/2 p+5.231Ga 30Zn

or1+ 0+p 3/2P 3/2
1.894

Il. Odd A Nuclei

S·31

15p31d 3/2s 1/2 p->5.514 J

(: +)

i.+ 1.482

p33

16~3d sI"• 1/2 r5.0
15

(~ +)
~+ 0~2492

24~

55
p.3/2f 7/2 p-5.2

2SMn

3

5
2

2 2.85I=j-1

61

N·61P 3/2f 3/s p+= 5.129Cu 28 J

3
3

2
2 1.21.I=j-l

N·63

63f 5/2P S/2 p-6.7
28 J 29Cu

(~-) ,

3
0.0672

I=j-l

N,65

C 65f 5jzP 3/2 p-6.5
28 J

29 U

(:-)
3

2

2.10
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65

65
P 3/2f 5/2 p+5.7!lIGa 30Zn

(~-)
(~-) 2.24

Z 65

65
P 3/2f 5/2 p+7.430 n 29Cu

5

3
2

0.326
2

67

67f 5/2P 3/2 p-6.3
29Cu 30Zn

(- ~)

5
0.5572

69

69
P 3/2f 5/2 p+<6.4!l2Ge !lIGa

(~ ~-)
3

2 . 2
2

The spinsof a state measured di~ectly are underlined lin the
table. I is the. total spin and j the .spin of the last nuc1eon. Only the
oonfigurations of transf'erred particle arenoted here. The data for
the maximal kinetic ener:gy and f t values are taken from Nuelear
Data Sheetsor from Stromi'ngs et al. [17].

The inves1jigati;onofth'is tableshorws that someof the elements
have rather a small.ft value. In 1Jhesecases we -canexpeet that the
dassifkati10n will not be very good and that the ef:fect will he sman,
if it will be present at all. The most characteristic elements are
th,ose with a large ft value. It will be useful to make a eO'mpar,i.son
of twO' {3emli:tters trom this table, one 'Of them having a J.a;rgef·t
value and the othex a small f t value.

The reported values fm longitudin.al polarization are:

- (1.00 ± 0.10) vlc29)

- (O.91± 0.08) vlc30)

- (0.76 ± 0.17) viC31)

- {1.13 ± 0.08) vlc32)

- (0.97 ± 0.06) 1)1c33)

- (0.97 ± 0.03) VIC34)

- (1.02 ± 0.05) vlc43), at 300 kevo

Themeasurements in ,almostalI the cases are not underlaken
ata well defrinoo eleetmn energy. It seems that the experiments
indicate that the tPo1a,rizat1oni,s <Ivic I, which is in cOlIltradieti:on
with theory. But the precisi'on rOf the measurements is sim not
siffucient ta draw any de:ffi:niteconclu:sioIlS.The last measurements
of Spivak et al. [43] iJndieate that the polarization is > I vic I.
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Longitudinal polarization (14) oalculated by theexpression (100)
and by the anal0'gous expI'ession: fo!' paTP QS almost exactly - vic
and practicaUy -energy independent (PaTP / CaTP vades fvom 1.002
to 1.000.) With our expla1nation 'Ofthe spectrum shape ,it is impossible
to obtain the polarization smaller than Ivic I. These resuIts seem
to be in good :agreement wiith the measuremen tsof Spiv,ak et
al. [43].

4. Conclusion

The devi,at1ons trom the aUowedshape (CP ~ const) have been
found in a rather smal1 number 'OfaHowed decays. In order to 'get
a cam-plete knowledge'Of ,such phenomena it is necessary to make
more experiments witha large number 'of 'atomic nuc1ei. From the
present experi'mental resuIts it is not posSihle to drawany definite
conclusions ab'Outthe nature 'Ofthe 'ObserveddeviatioalJS.The experi­
ments 'Ofdiff.erent groups of experimentalist are in poor agreement.

In analysing the l'Ongitudinal polarization weooncluded that
some important information can he obtained if one measUJre5the
variat10n with energy. Ii it is possible to meaJSUrethe quantity which
we eaHed :relative longitudinal polarizati:on can serve as a test
for some theoretical predictil()lns~

(J-y angul.ar correlation and /3-y ciI1cularcorrela.ti'on experunents
are not ·analysedin the text, but can be a 'Us'eful'S'O'UTceof infor­
mation.

It will he useful to investigate two, groups 'OfaHowed trans­
itioos:

a) Transitions with very small f t v'alues l(supe:mUowed),namely
0+ -+ 0+ and mirwr transi>tions. By investigating suchtr:ansitions
it is possible to Iinvestigate the effects caused by the structure of
fJ decay ;interaction Hamil1Jonian. As a working hypothesis, we
tried with modified {J deoay intera'C1Ji'OnHami1tonialIl(the deta:ilsare
given in inti"loduction)and we derive some con,sequences 'Ofsuch an
approach. It seems that it does not work well. By comparing the
resuIts obta:ined for 0+ -+ 0+ and mu-ror transit10ns it is:poss1ble
to estalbJish 'the ,presenoe of the spin 3/2 neutri!no hecaUlSie0+ -+ 0+ .
transition.s calIlno1be influenced by the spin 3/2 neutnino.

b) In transit1J()In:Swith rather a la:rge ft value (~og ft ~ 6), the
influence of nuclear structure r,esults in some addlitional se1ection
rules. The ratios of same nuclear matrix elements can become
an'omalously la,rge, which resuits in the deviation fI10mthe all:owed
spectrum shape. Among such transitilOnJSwe investigated l-forbidden
transiti'ons lin detai1. Only on.e of the measured transit:ions, p32, can
be clas'sified :alSl-f,orbidden. To make the situation c1ea'rer, it is
necessary to make measUJr,ementsorfa greater number oa:transitions
which can be clas'sified ·as l-f'OI1blidden.Our conclusilon is that the.
most characteristic of them .are those with the largest f t value
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(Al)

(log f t ~ 6). For someof them with a small ft, value (for example
CU64) we do not e~pect any remarkable dev1,ation fTom the aUowed
shape. It will he us'efulto make measurements for some posiwon
emitters from thrsC1a:ss with a sufficiently lar,ge f t value (Ge68
and Ge69).

Acc'O'rdingto theory the absto,lute longitudinal po1arization fOlr

l-forbid,den transiti'ons is praclically -I ~I for all energies.
Only the combinatroiIl of the resu1ts obtained by measurlng

the trall1JSittonsfrom group a) ,am:db) 'CaIIl.Igive rthe possibility of
sepaJrating the eff.eets produced by the structure IOfthe interaction
Hamilton.iim from the effects produced by the influence af nuC1ea,r
structure.

Weare veryg:rratefuI ta Dr. G. Ala ga for manydiscussions
and for oonstructive criticism Qf themanuscript.

Appendix

1. Longitudinal Polarization

Longitudinal pO'larization ,is defined.as

p = N+-N_
N+ + N_

where N + and N - is number of electrons with the spin in the
direction of ffi'oti()nand in the oP'PoSite clire~tion, respectively. The
relative polari~ation N+ - N_ is ene~ dependent and is p.ro­
portion.al to

N + - N._ - p2 (W -,- EO)2 F (Z, W) pP (A2)

where pP isgiven by (15) and (45). The 'Polarization oorrectian fador
pP IS slightlyenergy dependent for·the a1l'owedtramsitions,similaiI'ly
as ep. It will be w01rthwile1Jo find an experiment f.or mea;s:urti.nog,
the variation af N + - N_with energy.

II. Some notations

Combinations of the radiai wave functi'onsare as follows:

f 2 F P 2" B-" g".= p W TO ,,-1

(A3)

(A4)

(A5)
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•• ~ COB (L1.-':"'LL.l ~rv'+ (~)r s.~ 1:1

Lo = A (Z, W) + B (Z, W) r + C I(Z, W) r2 + ...
where

1
A (Z, W) = - (I' + 1)2

.B (Z, W) =- 2 I' ~ 1 (2 I' +3 + ~) p

(1'+1)(41'3 + 1'2-'1'-1) -2 y2(7 1'+ 6)2

'C (z; W) ==-"- . " .(2 I' + 1)2 (I' + il' .P

Aa = E (Z, W) + F (Z, W) r + G (Z, W) r2 + ...
where

'113

, (A6)

(A7)

(AS)

(A8a)

(ASh)

(A8e)

(A9)

E(Z, W) = +<1'2 + y2) (I' + 1) (A9a)

F (Z, W) = - (1'2 + y2)Y~~~: .~~ 'p (A9b)

(,,2 + y2)

-G(Z, W) = - (21' +1)2i(y + 1) [I' (I' + l)(y + 2) - y2(4r +,3);(1' + 2)] 1J2

(Age)

I' = + [1- (aZ)2] 11. ,y =UZ W
p .

Other notations are well known 'in fJ deeay theory.

III. MirTor Transitions

(AID)

In the ca1culation of the matrix elements for mir!'lor tren:sitions
we used the f.ormula:s

<ili Iir YI;; p IIj, >~(-);'--1,-1: [(2j~ :{~\;21\~ITl, [(2ZI+
3)(l1 + 1). W (h + 1 h 112 1/2 11 j2) W(jd1 l1 +1lt 111/2) -

- h (2l1 - 1). W (h - 1 l1 1/2 1/2 11 j2) W (jd1 h - 1 h 11 112)] <5111•

. (All)
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<. II' T () I' . > [3 (2 il + 1) (2;2 + 1) (h + 1) h ] l/z .31 'L T 11 P I 32 = .' 8 n .

. ·W (;2 112 1 h III jI) dl, 12 (A12)

. I' .• II' > 1+. +. +l +l [(2 n + 1) (2;1 + 1) (2;2 + 1)] l/Z
<31 T . 32 w = (-) 11 12 1 2 ----------- •n . 4n

fj2 k;l 1[(2 k + 1) (2 A + 1) (212 + 1)]'/2(l2 OA O Jl2Ah O) i112n 112 ~ (A13) .. .:
ll2 All J

IV. Low Z Approximation

The correction factors for Gamow-Teller transitions for the
spectrum and longitudinal po~r~zation ih the low Zapproximation
are:

4 1

C3GT =- 27 [W2 + W (3;-Eo) + W Eo-3 Eo;-1]

C4 GT = -~ (~ - 2 W + Eu - 2;)3M W

1 .
CbGT= - ~

3M

C6 GT =:M (~ - 2 W + Eo- 3; )

C7 GT - -!- (.Eo + 2 ; - ".-~)3M ·W

CSGT== C5GT

C9GT = _2_ (Eo + 3 ~- -~)3M W

f (Eu - 2'; )ClOGT= 3M --W--1
1 ,;C11GT-- - -

3M W

(A16)

(A17)

(A18)

(A19)

(A20)

(A21)

(A22)

(A23)

(A24)
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4 (. 1 )C12 GT = 9- 2 W - 'w- - EO+ 3 ;

Cta GT =-} (EO + 3 ; - ~ )

C 14 GT = -: (EO W 3 { - 1 )
P1GT ===-1

·1· .
P2GT= 27 [11W2+2W(3;-10Eo)+3Eo(3Eo-2~)]

Pg GT = 2~ [W2 + W (3 ; - EO) -3 EO ~]

2

P4GT - 3 M (2 W + 2~ - Eo)

1
P5GT=- 3M ;

2
P6 GT = -- (2 W + 3; - EO)3M

PSGT = P5GT

. 2

P9GT =- 3-M (Eo + 3;)

1
PlOGT~- -

3M

PllGT = 0·-

4 .
P12GT - ~ 9 (2 W + 3; - Eo)

4
P13GT = ~ -._. (Eo+ 3;)

3 .

2
P14GT=- ­3

aZ';=--.
2To
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(A25)

(A26)

(A27)

(A28)

(A29)

(A30)

(A31)

(A32)

(A33)

(A34)

(A35)

(A36)

(A37)

(A38)

(A39)

(A40)

(A41)

(A42)

Z is the a.tomic number, TO is the radius of ato'Icic nuc1ei, a is the
finestructu.re constant. For pooitrons ii is necessary to replace Z
by-Z.
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V. Calcu.lation of Nu.clear. Matr~x Elements for p32

}jnorder to ·calculate the ratio of the matrix elements < r2 T12 >
and,'<TlO> we made sevwal attempts .

..In the single parti-de shell· model of atomic' nucleL the matrix
elemen t <TlO> is exactly zero for the .p32 -+ 632 transi tilon. One
must thereTore take into aiccountam. admixtur·e of nudeaT states j

which is produced by residua1 interactions between nucleons.
·a) First we trded to ealculate the matrix 'elementsby taktn'g

into a·ccount a short range residual interadion iii the well-kIl!own'
form [22] " . ,

(A44)

F (r) = S Rfl (rl)* Ri2*:(r2) c5(rl-r2) Ri-g(rl)Ri4 (r2) 1'1d1'lr2 d r2

(7: Y~ = .2 (n y A fti nA k x) T:A; n = o, 1
, kIC

-+ -+

Hint =-. Vo [(1 -. a) + a 01 02] c5(rl - r2) (A43)

<i,and Vo aI\e some constants. In·calcula'ting the matrix elemen1Js.-pf'
Hint we used the formulas:

<jl j2 J M I c5 (rl - r2) I j3 j4 J M > = F(t) ~ (_),i2+i4+1z+l4+l.16 n . ,
. [1+(-) 11HzHaH• [(2il + 1)(2j2 + 1)(2j3 + 1)(2j4 + l)Y'" .

{(h j2 J) ( j;l ;'1 J)'. 1/2 -1/2 O ,1/2 -y2 O -

_ (_) /Z+i4+l2H4 (jl h J)' '. ('j3 j1 j)}1/2 1/2-1 1/2 1/2 -}

< ~1j2 J MI;1;2 c5 (rl- r2) I j3 i4 J M > = F (r) ~ (-) ii+13Hz+la+l'.
, 8n

. [1+:(-) liH2HsH4] [(2jl +1) (2j2 + 1)(2j3 + 1)(2j4 + 1)]~/J .

'{.[(~) J+i3+i4 + ~ (_)it+i2Hl+lI1( jl j2 J) (~3 j4 O) +2 1/2-1/2 O 112 -1/2 J

+[(~)il+i3HZH3+l + ~ (_) it+i4Hl+l4] (jl i2 J) (i3 i,l .J ')}.'2 1/2 1/2-1' 1/2 1/2 -1

(A45)

(A46)

(A47)

The double bar matrix el'ement used in f3 decay is

, <itIIT"A Ilj2>P= V .1 <ili I TirA Ili2>W (1\,4.13)\2)2 + 1

Tpe wave function of the ground state of p32 was assumed to be

.,Pl+ [(d3/~)1?'(d3/2)~,1 '.

(A49)

'Pl + = 'Pl + [(s 1j2)P (d3j2)nl +
<:::: (d 3/2)P:( d 3/2)nj-Hillt !'(s 1/2)P.( d 312)n >'

ES1/2 -'Ea3t2
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ITl ITl [ / 2 + «d3/2)2PIHinel(s1l2)2p> ITIO+ [(d3/2)2P]:rO+= :rO+.(812) P] -----------:r
2 (Es 1/2 - Ed3/2)

(A50)

Vo a was fixed from the separaHon energy (E2+-El+ = 0.077 MeV)
of 1+ and 2+ lev,el,sin p32. The spin o'rbit coupling term was used
in :the form C I s with C = -1.29 MeV.

Finally weget the resuIt:

U6 = V2< r2 T12 >. = ( 3439 +0.083), . 10-3 , C = 1- a< TlO> 9-c~ a
Even for c = O the raHo is toO' 1a,rge. For c> y the 'l'esult has the
wr,O'ngs1Jgln.

b)' We triedtO' fit the experimenta1 data by :asSumiiIlgthe paring
forc~ interaction between the last two pJ.'iotonsin S32 [40]

.< jj I Hine I j' f> =- 19[(2 j +1) (2 j' + 1)f/22A

'For the 'ratio of the matrix elements U6 we obtainoo

(A51)

U6 =- (c2:8S -0.083 ) .10-3

C < - 3 gives the ,oorrect sign, but then the fO'rcebetween the s .1/2
proton and the d 3/2 neutron isr,epu1sive ..

c) The calculati~n with the model of swongly deform~lIluc1ei
(for <;letaJi1ssee ref. [36], [37], [38]) give the best result f.or the para­
metel' of defO'rmation 'YI =-2

U6 = 0.135.10-3

ThJiisis.<for:l1actor 10 toO's:rnall. For def.ormati'ons with 'YI> O we
ohtcriJnthe wrong sign. '.

d) F1nally we tried·to calculate the ratio u6'on the basis 'Oflong
range residual fO'rces.We assumed that the deform.ation of p32 and
832 is small and that the effec~ can he described with ia smaU Y2

couplingterm ta the nudear surfCl;oe.In the weak ooupling appro­
ximaiion (for details and nota1llon see B:o h r and Mo t tel sa n
[39]) the wave function of an individual lIlucleons is: '

ITl ITl + ~ < jI h Ij' > (" 'R R I '1 R ") ITl ' R'r jm= r jm 'YI LI li co+ E/-', _ Ej J m z J J m :r jIm XR z

j' (A52)

whf=re lJIim is the shell model fu-nction, ~RRz.describe surfa:ce
oscilIations and 1J is treated'asan adjustable parameter.Th:~t:esults
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are tabulated for several eombinations of parameter 'YJ, and for
li OJ =3.3 MeV.

'YJ2 "6· 103 '. 4 n I < TlO > .B 12

0.0118 2 0.38 . 10-3
0.00583 4 0.11 . 10-3
0.00231 10 0.24 . 10-4

Th~ resuits aremsensitiv,e to the chaJI1Jgingof IlOJ. But :BorliOJ S
3.3 MeV the wrong sign for n6 is obtained. In hydrodynamie
approximation liOJ is 4.5 MeV. From the experimentaljt va,lue
4n I <TlO >P 12 is ealculated to be 0.6.10-4.

Institute »Ruder Bošk.ovic«, Zagreb
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o ODSTUPANjUOD DOZVOLjENOG OBLIKA SPEKTRA
KOD DOZVOLjENIH tl RASPADA

B. Emia n i D. Tad i c, Zagr eb

Sadržaj

M}er.enjemje ustanovlJeno da kod P+ i P- raspada oblik spektra
odstupa oddozvoljenog i to u istomsm}eru.

Ovo odstupanje može biti posljedica svojstava Hami1tondlclna
intwakcije ili poslJedica utjecaja marncnih elemenata. Konstruiran
je rg€nerali2Jirrani:nerelativistiJcki Hamiltonian (1) kJojiemusu mlcltricni
elementi mno2Jenisa form faktorima. Izracunati su korekcionifakto,ri
i longitudinalna polarizacija za Fermieve(2) (5) i Gamow-TeHrerove
(26) (45) prijelaze, koji pružaju mogucnost da se izvrši anaJ1izaeks­
perimentaTnih podataka (tarbela 2).

Pretpostavka·, da je odstupanje od dozvoljenog oblika spektra
uvjetovano strukturom HamHtoni:an'a, vodi na ispitivanje spektra
dozvo'ljenih prijelaza sa malom f t vrijednosti, a to su zrca1ne jezgre
i 0+ -+ 0+ prijela1zi. Defin'itiV'!lizakljucci su 'otežani, Jer se pred­
znak nuklearni<h matricnih 'elemenata mijrenja ,od jezgr€ do jezgre,
a tocnija mjerenja polarizacije kod zrcalnih jezgri nisu VTŠena.
Tabelirani su matricni elementi za zrcalne jezgre izracunati na
osnovu modela ljusaka (Tabela!3). Moguce joena:c:i\takove kombina­
ciJe parametar:a (71) l' (72) da kor·ekcioni faktor pada sa energijom 1.

za elektrone i za pozitrone, ali oblik k,or.ekcionogf,aktora nije isti
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zaoha' 'raspada. Da bi se odredila! vrijednast parametara s kojima
su mnO'Ženimatricni elementi: Hamiltoni.an.a (1), uzeta je hipotetska
j.eZigrakoja 'Se raspada prekiD {J+..i {J- grane. Uz ovakovu pretpo­
stav,ku Bi poprimaju jako velike vrijednosti.

U slucaju, kada 'je mjereno odstupanj.e uz:r:okovano utjecajem
nuklea'rnih matricnih elemenata, ne mož'e se dati. niklikva defini-·
tivna pTognoza <ospektru i 'o pal!arizaciji. Efekt oe varirati lOdjezgre
doOj.ezgre. Da bi se opisali oVia:kviefekti moguce je pretpostaviti da
jedan od matricrrih elemenata. Hamil1Jani'ana (1) .pos,taje bitan.To
je vj'e'rojatnro slucaj kod l-zarbranj'enih prijelaza. Prijelazi kQji se·
eventualno mogu smatrati l-zahJ:'lanj.enimatabelirani su u tabeli. ,4.
Izracunata je polarizacija i kOI"ekcioni faktor za p32 i usparedena.
sa mjerenimvrijednastima [43]. .' .

Za daljnji razvoj ooorijenužn'O je da se izvrši višeeksperime­
nata sa' raznim; jezgrama. N:aJl'Ia'ci1Jobibilo va'žno usporediti dom,o­
ljene prij,elaze sa veHkom i mal()im f t vrijednosti .. Korisna bi bila
u;sparedba jednog pi p+ L-zabl"anjenogprijelaza. Za sada se rezul-
tati eksperimentalnih :fizical"ane slažu medusobno. . ,

U dodatku' definirana je~,elativnapolalrizacij a, unesene su For­
mule za I"acwrmn}ereduciramhmatricnih elemenatazazrcalne pri- .
jelaze i izvršena je ra'cunanje matricndh elemenata za p32. Priložene
su vrijednosti kor,ekcionih faktora u apraksimaciji malog Z.

(primld~o, 15. f 1961.)


