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ANGULAR CORRELATIONS IN ORBI'I',AL CAPTURE 

H. Brysk and M. E. Rose 

Introduction. 

Ob~erva~ion of the lifetime and spectrum of a beta-transition doe~ 

not usually 2lttl'fice to determine the difference in angular momentum 

between the parent and daughter nuclei. The angular mowmtum change 

is eVEln harder to ascertain in orbital capture, for which the transition 

energy is much le15s readily available. When beta-decay is followed by 

a ganrcna-transition, the beta-g8Jl1lllR angular correlation can help determine 

angular momentum values. An experim.entally m'Q.Ch more difficult angular 

correlation that can be observed in beta-decay is that 'between the 

electron and the recoili:ng nucleus. III principle, angular correlations 

exist that involve the inner bremsstrahlwg connected with the electron 

epdssion, but they are experi.utally UBobservable in the presence of 

the background of external bremsstrahlung. In the case of orbital capture, 

there are no electrons emitted, but other radiations are present - X-rays 

associated with the transition of an. outer atomic electron into the hole 

in q. iImer orbit left 'by 'the cap'tured electron, and inner bremsstrahlWllg. 

It :i.e the purpose of this report 'to investigate all the anguJ.a,r correlations 

that exist in connection with the orbital capture process, and to inquire 

as to the possibility. of obtaining nuclear information from them. The 

following angular correlations betweem electromagnetic radiations are 
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present*: 

1) X-ray C4'11l(1 following gam.ma.-ray; 

2) ixmer brem.sstrahlung photon and following gamma-ray; 

:5) X-ray and inner bremsstrah;:l:ung photon" 

This invef!!tigation 'Waf!! prollg;.rted by an experimental attempt in this 

1
laboratory to measure the second proce3~. 

1) X-ray - GaJDma.-ray 

This process difters in one respect from ~ previously inve~tigated: 

While all cases dealt with involved either only nuclear radiations or 

radiation. Nevertheless, a cQrrelation <loes exist in prUle1j?:le because 

the angular momentum ot the captured electron (final state of the X""ray) 

is related to the angular momentum. of the nucleus after capture (initial 

state of the gamma.-ray) by the IU1gula.r momentum of the bet.a-deca,y :field" 

*Also to be :found is a correlation between the recoiling nucleus and a 
gamma-ray following the capture process. Ina.$~ch as the o~y particle 
directly emitted in orbital capture is tb,e neutrino, the n:u.cle'l;l./S acquires 
a recoil momentum equal in magnitude and opposite in direet~on to that 
of the neutrino. This recoil can be detected, though tne experiment is 
extremely difficuJ.t . The correlation 13 the ama.logu.e of the 'beta-gamma 
correlation in electron emission. An.il5otropy does not OCG'Ur 'UlI.1ess we 
go to a ne\ltri:Q,o angul.ar momentUll'l greater tl1a.n one-hal:f} 't.b.i3 :means 
taking a higher term in the reta.rdation expansion, with a large resultant 
:loss in inte:rudty.. The experiment does not now appear feasible .. 
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Let 

Jl1 )J. 1 ::; total angular momentum ~d ~-component thereof for atomic state 
from which X-ray originates. 

LX' M ::; total angular momentum and z-com.Ponent thereof for X-ray proper.X 

J2, )J 2 = total angular momentum and z-component thereof for captured 
electron (state to which X-ray goes) 

L ~ ::; total angular momemtum amd z-component thereof for beta-decay field.
13

, 

j " fA 'l"~ total angular momentum and z-component thereof for neutrino 0 

l ::; total angular momentum and z-component thereof for nucleusJl' m
before capture. 

J2 , :;: total angular momentum and z-component thereof for nucleus~. 
after capture(trom which 1-ray originates). 

L1, My ::; total angular momentum and z""component thereof for ga.mma.-ray. 
thereof m, ::; total angular momentum and z-component/\for finl nuclear state.J" 

The Hamiltonian for the orbital capture process is written as the 

contraction of two tensors of equal rank~, one of which, A, contains the 

dependence on the leptons, the other, B, the dependence on the nuclear 

quan:tum r.r:umbers. Making Ul$e of the Wigner';'Eck.a.rt theorem to separate out 

the geometrical factors (magnetic quantum number dependence), the matrix 

element of the Hamiltonian can be expressed as 

The Clebsch-Gordan coefficients vanish unless 

so that for given fA 21 ~, and Mr3 the quantum nmnbers )A f and Inl are 



connects ~ and)A 2 0 

Writing down the m.a:trix elements for the it~ray and ., ...ray and sum.mi:ne; 

2in the usual :ma:nner , we obtain a correlation tunct:ion 

The crucial selection rule :in this expression is the condition 

A (.12.;12 ))) for the non-vanishing of the first two Racah coef'ficielO,ts. 

It states that the angular correlation will be ieotropic U!.1less the 
.. 

captured electron hal;) .)2 >~. Unfortunately, orbital capt'l1.I"e ordinarily 

occurs predominantly with J2 ;::: ~ electroM, j2 > ~ electrons contributine; 

appreciably oltiy tor very low energy transitions with ~ ~ 2.' Thus, 

while the correlation does exist, it5 detection is probibitivel;r d1tfic'Ult 

in practice. 

2L 0 C. Biedenharn and M0 ]I; 0 Rose" Rev 0 Mod 0 Pbys ~ 25" 729 (195;) 0 

'flo Brysk and M. E" Rose, OHm. 18,0 (1955) 0 
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of I!t photon by 8J1I. a.tomic electron which proceeds to a v;Lrtual state, 

followed by capture from the virtual state.* 
Case (2) lQoks like case (1), witb. tlle photon 1'!eplacin,g the X-ray, 

but there is one salient difference: the intermediate state in the cor­

relation chain 13 now a v1r'tual state. Since the virtual state is not 

observable, we must sU1l\ over a.ll such states, and sum COherently'. Instead 

of 

we now have 

(J2}A21~ lJ1 N(J'P' I~ jJ21'Jr 
El - E2 

so that tbere will be interference terms between vir'tual l!I'tates with 

different qwmtum nlUllbers (unprimed and primed), and the correlation 

f'unct;i.on will contain a sum over virtual states which makes it depend on 

rela.tive magnitudes of :matrix elements: 

'* .The alternative PllLth ... emission of a positrQU hto a virtual state, 
followed by umihilation or the positron with an atomic electron giving 
rise to a pnoton ... can be taken into account simply by Deluding tl1e 
negative ene:r;-gy states in the awn over virtual states. !he reversal 
of the time scale in the alternative path is inconsequentiai~. 
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E ... E f 1 2 

Th~ fir~t two ~acab coefticients ~~vethe ~elect~o~ r~e ~ (J J2~), wh~cba
:requ:lres for anisotropy' that at least Q;n~ O:f' J and j~ be >i. ':fuis is a a 
less rigid requiTeJllent tba.n in ease (1,) ... :l-ineliU;' 1n tbe ra.tio ¢If the 

matrix e;Lenn.ents of Ja = 3/2 to those of .12 '"' ~ :ln$~a,d of quadratic ... but 

is still ~ple to disco~a.ge exp.rimenta~ detection. 

3) 1C...ray ... Ipner :aremsetrablu,n.gPh,oton 

TUia correlation ca,n,give no nuclear 1nfor~tiQn since it depends 

on atomic pa.ra.m.eters exclusively. It can provide a check on ~()l'ne theoretiolil-:l 

conclu.sions a,bout t1:).e i:pne:r Qre~stra.hlung process4, but this is m.ore 

conveniently done by an e~~tion of the bre!l1Sst,rah,l'l.1.!i1g spectrwn. Never­

theless, it is presented her~ for its formal interest •. 

~. J. Glauber and P. C. Mart:t,n, Phys. Rev. 95, 572 (19~4). 
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The proc6eS is of the standard form. of an angular correla.tion between 

two successive electromagnetic radiations (state 1J origin of X-ra.y; 

state 2: terminal of X-ray, origin of photon; state .3: terminal of 

photon - the act'Ual time sequence is irrelevant), except that state .3 is 

a virtual staW. This last fact JDakes it necessary to include in the 

description the capture of the electron from t1;l.evirt1lBJ. state, and to 

carry out a coherent S'UDl over all possible , states. Tile capture process 

makes itself evident through reduced matrix elements acting as coefficients 

in the. sum; its geometrical features have no effect. It is found that only 

states with .13 == .1, + 2:0., n == integer, interfere with each other. Since 

a .1, + 2 state will make a very much smaller contribution than a .1, state 

(Vide the orbital capture probabilities), we can neglect interference 

between states of different .1, (though there may remain interference between 

states with the same .1, but different energy 1;). Then 

E ... E E ... Ef
2 ,2 , 

).J eveR 

We again encounter the condit1on. t:::. (.1 .1 V)" This time, however,2 2 

it is not necessarily disa.bling. It is satisfied if a P'/2 electro. emits 



an electric; dipoJ.e photon to.gO into a. virtwa.l 8 1/ 2 state from which it 

i(:l captured. In fact, the sequence p electron. ~ s electron (via eJ.,ectri,e 

dipole photon) nlakes the dominant eon,tri"Qution to the 
,'~ 

inne:lt 'bremsstrahJ;uJ:"g 

4 
process at low energies. 

Conclusion 

~ correlations between the radiations eo:nnected with the 

orbital eaptlU'e process e~1st ill. general. They are found not to reprepent 

at present a usefultooJ. for the determination of nucle~ pa.r~ters, 

however, because the ~ele?tion rules enforce isotropy in most ea~es of 

interest. The cond;i:tions necessary for the observatio1\ ot anisotropy 

(Where nuclear info~tion is availa:l:4\le) are eurren:t;l.,. experimentally un... 

a ttain.able • 


