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Introduction 

Investigating muon capture on sulphur and :::alcium, Evseev 

et al.fl/ have observed resonances (peaks) in Ut·~ neutron spectrum. 

They conclude that this result is the first direct experimental 

confirmation of the idea of collective nuclear exc .tation in muon 

co.pture/
2

/. The predictions bo.sed on the resonar ce mechanism in 

muon capture were confirmed up to now only ind recu)
3

/. 

The idea of the t'esonance mechanism in m -ton capture 

(giant resonance) gives a general basis for furth·~r investigations 

t 
. /4,r;/ 

of various aspects of he muon-nuclear interacbo> • It forces 

one to concentrate attention on the manifestation of nuclear collective 

effects in muon CC:lpture and similar processes. Ir, our paper we 

will discuss sorne of these pt'oblems. 

It is known, thett the e xpF~rimental results 011 the neutron 

anQ,ular distribution/Ci/ relntive to the muon poluri:cation vector have 

stinHllnted intensive invcsti~ations of muon Cilptur, procPsses. It 

is llnknown, as yet, fot· wha.t reason tile nPiltror, asymmetry is 

lar~e, but now it is clear, that the extraordinary conclusions on 

muon-nu:cleon cmtplin~ consktnts, ·nade/?/ in tl1e ft'dnl<'W<H'k of the 



sinc;le particle 
/ t j <J/ 

rnod2l, ctre very relc:~tive, In recent expE•rime11b=; ' 

one obtained th ~ positive asymmetry 1·ather tlmn tl1e ne0_;1th·r• 

one, 

VVhen considEring tlle neutron an~ular distt'ibution it is IK'ce-

ssary to bear in rr inc! that the neutron asymmetry i11 c1 high ern't''lY 

( E '- 20 MeV) petri of the spectrU!n is not related , lirectlv to ti,e 

reson'tnce mechani o,m, This paTt is discussed in connection \\ itl1 

the determination ,,f the coupling constants, However as was po­

inted out eetrlie)
1

/ in this part of the spectrum one cannot but 

takes into account the short-range correlations beh\·een tl1e nttcle-

ons in tl1e nucl O>us (This leads t_ts to the problt·m of tile clt ts-

ter structure of nu· :lei). As to the c.tsynnnotry in thr> t'PSOncl.nce 

region (up to tho Jeutn_)n C>nergy of «bout 10 1\'lc•V) u11fortun, ttr>ly 

there are thet'P no direct mo,CJ.surPmenb=; of the difff't'ential ilsymlnet-

ry, The ]ittt<>r rneatls l1PI'C tl1e asym1netry in a lld!TO\\. enerQy l'i111-

<_>,e, Undoulltedly, s )tne dit·ect mea.suremPnts ar·e 11eoded, 

Thus, thP qtAr>stion cu·is('s as to whether it is possible in 

principle to llldko F1e l'esoni:U1ce mecl1<~nism comp<ttible with \11<' 

presence of the llE utron ,-,svmmetry in the soft fYl.rt of the spPct.­

rum, Before r!iscussinc, this pr·oblem lc•t us considet' l1ow thP poi1ks 

<lpp<>a.r in tl1e ne>ut ·on spccb'um. 

1. Neub·on S ::>ecb'urn in J\·1uon C<lpture by Complc•x "'ucl,,i 

Tile muon is cctpturod by Ll pt'oton frorn till' K -orbit of tilP 

lllt:>So<'ltorn, T'I1P mo:;t JXtrt nf the enet'0Y is takPll il\\'f:lV by tl1e 

I' p n +- ' 



As a resull of muon capture Ct proton hole is crE:.>ted in one of 

tile nucleut' shPlls. Tokin~ into consideration the pcoton hole, the 

final sti:lte of tile nucleat' system will he the lhn·e-body system: 

out~oinQ net ttron, proton hole <~nd con? (vacuum). They are inte­

r<tctinQ, with (Ylch otllc'r. The interaction of tilE' outgoing neutron 

with tile pt"<>ton ilol0 is of l!t"ec>t importonce. It ca1 tses tile excita­

tion of filE' residual nucleus and <ts il t'esult tile !UC!c'<lr system 

goes over to other ch<H mel. Thus this interaction leads to the 

coupling of s .:zne ~v.-1rious channels. Wh0n the tlE ·utron enen1,y 

is about d frJw lVleV the intctY1clion is vE:'ry slron~~. As <t result 

thE' neutt·on spectrum hc:ts a very nonunifonn colru ~ture. This effect 

is associatc,d \Yith the resonance bE-'rktviour of beth the scattering 

matrices nnd the iltnplitucles of the tluClc'<tr disint c;gration by the 

external field (photocllJsorption, inelastic elE)ctron l.nd pt"oton scat­

tering and so on). Tile typical spcctrurn is showr, (for muon cap-

/W/ 
ture in u; 0 ) on F'ig. 1. It gives ones the idE?-l nbout the 

disposition and width of the peaks. 

Fig. 1. The calculated /lO/ neutron spectrum from 
in tt; 0 

·muon capture 



This s pPc nmt 11·as co.lculi>.tecl 't:c; i110 II 10 ' tttified theory 

direct o.nd the• r· ·sott•lllCC' pl'ocesses, ·TJH· c:;dutlcttiOlJ has l>ec·tl 

done i11 tho ft'<tilc'I\Ol'k "f the <!ppt·<lXitn<ltc• tr!i•lllud of this IIH•ory, 

/ltl, 11/ 
ck'velupL·d l)y n. l<t·~l lDV el 'll. • Ill "'llCIJ i)J I olpprOi)c~lJ Ul!• 

disintc•:.~l'i1li•>ll '" :plilltd<• 1\itl1 d JJl.'ltll'<Jil in j -cll<tJlttQ] jc; Qivon 

by 

< )(-', {! 'I' "<"'A I " I 

\I . (E) ' 
,(-) 'II I () .... ,. ,C j E· . ,\ 11/t I 0 > ( 1) - C;J j E + A' 0->J I E t~ A -

Tl1is exprcsc;ion rs quite• :;imple, The• first let'm is the direct 

h'<'tnsition ,lmplilt c!<• into the p<<dicle-holo c:l K1.11nol The dis-

torted IV1've tw tl l< Kl i:-.o L~sed for· its c<J l<'ltlntion, The \V<~vc; 

f t . ' (-) 
unc1on oJE d c•scTil;cs the finc1l svstc•tn in ll1e 

the couplinc.> is < tbse11l, The SP.cond one is the amplitude of the 

resonance h1o-s C}J ltY1JJSitiotl into ti1P Si1tl!E' dti.H1nel, T'he c:o1nplex 

enerc,y { -F - j_ I 
·A - ';\o 2 dc.?fillc'?S UOlJl tilL' dispnsi\i()JJ •lr1d tile 1\'iutJ, 

of the intc.,t'llJC'cii.:Jtc• :sli1tes, Tlh:it· 0X<·it,Jtion pt·obi1l.lililies ilt'e deler-

mined tl l . I ! <. 111 '. t"l by H-' Jlh<rtX ccctncn:s \ , , I' 
() 

In l!Je fir·st <tpfJt'OXillliltinn tile IV<lve 

functiotlS 'I' A <lt'C tile o:.ouperposition of some p,,dicle-hole f1u1c-

lions, T! tus in c.t si1nplc ,-c·t·sion of th(• p<wticle-hole scl1eme it is 

c!c•finitc qu<lsisli1.\,oll<ll'Y slute of t!1e intc•nll(;cliatc• tlt!cleus, Kno11·in~ 

l!J<.e <excitation pt")bdl.)ilities, the lolill iltld pi!diill decay '.\·idt!Js on,~ 

calculcttes the '.pec.tlwn of the Ulll~rlin~ tH'lllt'ons, 



TltP ilrli:llysis of the <lppt·oximate methorl o che.tnnel couplin0, 

ilnd the strili0,11tforwetrc1 nwnerical cillcul?ttiotts , dlow 011e to 
/10 J !/ /') tJ1 r)/ 

~t·ound <Hid to improve ' · the traditional rnetltod ~, ~ of 

d(cscl'ipfion of tftc ttt.tclc'dr disintec:;ration. In thP latter the direct 

lt'<tnsiliotts ilt'e 11ot t.'-kPn into ctccount; the quas stationctry stale's 

nn• cle>scr·il>Pd l>y tl1c shell tnodc>l wet"'T' function~; tl1e decily modes 

i1re citlc1 tlitted i11 the frnrnei\'Ork of th<' reducc>d vidtll. The phiiscs 

of the width, in C!,encrul ru·e dPpettdent on tlle c nergy ilncl <lSSo-

cin.ted with the phnses of the potentinl scalteri1 10,. 

The> <tlJove method, modified ctcconlitlc:; tc the more ~enc'rnl 

fl + 10 ('a _. :t'l K + n + I' ( 2) 

Tl1e caJ culntion was performed in the pctrticle-h )le appt·oximation 

witl1out t;tldne!, into c~ccount the spread of such c;tntes over more 

cotnplicctted ones. 'l'llere wore cotlsidered the f, >llowinQ trElnsition.s: 

nllowed, first <lnd Sf~Cond forlJidden ones. Tl K'Y con·espond to tlte 

followine!, sti1tcs in the residual rntcleus 1° K: J 1T 1 + 0- 1- ,, 
' ' ' 

dnd 

When cctlcul<ttinQ the ncct.dt·on clecc.ty mode. i only the tnain 

channels wore taken into <tccount, Tiley cort'e.s pond to thP hYln­

sitions into the three' hole J/2+, 1/2+ etnd S/2+ states of :1!> K . 

The total m•utr·on s pectrurn IS slto\vn in F'i~. 2 Of cot u·se, sttch 

it rnc•thod ctoos not pt·etend to et precise quilntit ttivc description 

of the e xpPdrnental data. The pctrticlc'-llole stat -,s, c:orhidc't'ed in 

tl1is calu dation <trP s prend over U 1e rnore cornpli :a ted ones (t. 1 \'O-

pnrticle , two-hol<", tl1ree-particle, three-l1ole o 1es <-tnc! so on). 

7 
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Stwl' <l sprc'ilcl leiiclc.; to tl1e increasin'-' of tilt' Jlut 1ber of the peaks, 

tl 1<' clldt1'-'0 of their intensities dnd dispositions/ll
1
, As to the 

d<'Cdy lllodPs suc:l1 il spn:nd lcx1ds to tl1e dec t'ea~;e of the hi'-'11-

Pnet''-'Y p;1d c ,f tl1e oltl0oirE,1, p<trticle .'-'p<'cln un and to tl1e inct'P<lse 

of l11P soft p<~t'l, Indr'EXI, ft'OJJJ lite unalysis of tl1e pl1otonucleur t'eac­

IH 1>/ 
lion=. ' it is knoiVn t!Jcd t!Je photoJlucleoJJ sp,·clt'Jllll calcttlc.tted 

1\il!Hlld tl1e '""'''lltnt of such <t spre<td clisc1Qree 11·th the expet'illK'n-

:2. AsymJlJC'h"'y of U1P Angul< tr Distril>t<tiot, of Nce>t ttrons 

ThP iisyJmnchy of the JJOJ <tron < tnczule<r cl ish' buti on from 

polett'ized Jlll!Clll c<1plt!l'c is clue to the intedeJ'f'I1CE IJehv·cen the 1\'<-t­

,-es of the opposilP P• lt'ity, .~ si·nil<u' pl'OiJleJJl ill'i' .cs 11 IJPI1 iJJVPsti­

gDtil1L', pl1ol c lpt·otons <tnd pllolOJle' Atronc.;, It is cleat, th<tl in the 

reuion of t!Jc• ovcTlilpping of dipole Dnd quadrupo e t'csnncu1ces the 

level density is vcty high, Therefore, one IVCH-<lc exprct , t!J<lt 

tl1e ovPrlilpping of thP lan;e JitHnbet' of the levels cctnccls the 

effect of tl1<> interfet'Pl Jce, Ho11 e\·er, it < tppe<:tt's, II" :1t tl1o intedPr<'nce 

b~t"·c-~· n 1"~1 d I'> t 't' " I t/1 1
/ r'l . tl t tl = v.· ·~ ·• iln <,:., ranst tons ts co 1eren • 11s means 1<1 1e 

flltctuation of the <tt1'-'ular distribution coefficient \'hen passing 

t!JruuCIIJ eacl1 the tT•sonnnce does not cunccl on the nverae1e over 

the re~ion of the dipole and quadrupole _t:;iant re~ onnnces over1np­

ping, Therefore it is quite t'eason<J.ble to estirnote the value of the 

asymmetry ""efficie1tt in the ft'<'lmework of the sin pie particle-hole 

model, whid 1 does not take into consicler·ation u· e lnrQe number 

of othet' stutes, 

') 



Stwlt '' spn'ild lc<tcls to ll1e increasin0 of tile tllmtbcr of tile peaks, 

. . t ·1· d . 't' /ll A t tl ", cliittl'-\e of tiJeJr 1n cns1 1es nn d1sposJ 1ons • s o the 

dr-cay lltodPs sucl1 a sp1·cncl 1Ex1ds to tl1e dec t"ei'l~ o of the hicd1-

enE>rc>y p<'td of lite' out'-\oin<l, particle speclt'lllll nnd to the incePc~se 

of lilo soft p<~d. Indc>cd, ft·otn li1P annlysis of tl1e JIJotonucleae t'eac-

t. /1 ·l 'l~/ ,·t . tl I t I t 1 t d !OilS 1s known 1<1 l1e p1o <>llUC eon spEc nun calculctte 

ll'iliH>ul tilf' ''' C<H1nt of such <l sprecld disil<:.'t'ec witl1 the cxpet'itnen-

:2. J'\.svtnllle>tey of tile Alt'_\uli tl' Dic..;lributior of Nc'tlll·ons 

ft·om PoL H'L~cd '\I11on Cil pture 

Tl H~ dsytntlJC'lty of the neltb·on ilnQ,ul< tt' distd ')ution ft·orn 

polr"lrized IIHIOil Cilphn·p is clue to the intedet·encc IJel\\'ectl tho \\'el­

ves of tl1e opposite P·'l'ity •. 4 oc;i·nilar pt·ol>lc'lll iU'i"es II'IJC'n itJvc•sti­

'-\<>tin.c.>, pl1of op1·otons cU!d piJOtot1Cittrot1s. It is cle<lr, thnt in the 

re0ion of tile· o\·PdappitlQ of dipole <tnd quadrupole t·eson<lnces the 

level density is very high. T'h0refore, one \VO<Jld oxpe>ct , tl1ilt 

tl1e ovorlapping of tl1e lctrQe ltUJnbet· of the levc•ls CLlncols the 

effect of tl1e interfcreltcc. lloiH0 \'C'r, it ctppears, til tt the inted('r,•nce 

t I. t · t · · t/1 1 I 1 · be \\'C'en ·.1 ilnd E2 t'<J.nsl tons ts coheren • 'h1s meilns tilc:tt the 

fluctuution of the anc.>,ular distribttlion coefficient \\hen passinQ 

tiJrouc>lt eacl1 the resonance does not cancel 011 :l1e averaQe over 

the re'-\ion "f the dipole and quddrupole uiant re~ onnnces overlap­

pine!,. Therefore it is quite reasonable to estimate the value of the 

asymmetry C<Jefficient in tl1e ft'dJnework of the simple particle-hole 

model, whicl1 does not take into consider'<ltion tf~e large number 

<Jf othet· stntes. 

<) 



The neutrc n ,"'\symmetry coefficient a ( En ) calculated in 

the some approach, as the neutron spectrum in Fig. 2, is 

shown in Fig. 3, The result is given for reaction (2). The 

coefficient is d•~fined by the follmvin~ expt·ession. 

p ,, 

II ( E n (} n } I + a ( E ") P11 Co,- !:) , 

is ti1e resiclttal muon pol<lrization beforP ca pb u·c,. 

T'i1c• ;c;i1ape of ti1e an2ular distr-ibution both fot· the pllolo-

nucleons <1 nd fc:n the neutt·ons from muon CL1ptur·e is more sen-

s if ive to tf 1e p<lr. it11Ptero-; of the mod<'l than tl1e ritte of the total 

capture o1· P\ ·en its sl1o~ pe. Ho1 ve\·er, in u,eneral " ( E" ) has 

C\ shap0, ilS is ,,iJo\t·n in Fig. 3. It is impodant, thilt <:'ven if 11·e 

rio not t.~tk<> in:o account the spt·e<~d of the slill('S the O\'Prlap-

ping of ti1e lcovel3 with positive and negative parity is l<wge 

:>. T!Yinco itions to the Excited States of the Residual 

Nucleus 

The result.c by Kdplan et ol_lll on 10 N yield in the ITT= l/2-

and 312- states .tfter muon capture by '" 0 were considered as 

an indirect confinnation of the idea of the resonance mechn.nism 

in muon capture. The experimental value for the muon capture 

I :; "' I -- ( ) 4 -1 t·ate 11·ith _, it, 3 2 sbte is equal to 2,50,:t_0,23 .10 sec • 

The diagonalizat on m~~thod gives 'l,3.1C/ 
1 

sec -
1 

(according tol21) 
. , - 1 ( . t I 12!) bt . d . and 3.0.10 sec accordrng o • The result, o atne tn the 

framework of the unified reaction theory in surprisingly goodl
1
ol 

• (r) r)-,) 4 -1 and ts ""·6-~., .10 sec • 

10 
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The devel :Jpment of the coincidence method in nucleilr e xpe­

riments vvould g .ve the possibility for mec-tsurin~ thP oub::;oin~ neut-

ron in coincidettce with y -quant<t, emitted by tl1e residuul 

nucleus. Theref,)re we have calcul<J.ted the p<tdi<d tK?utron c..;p<•c:tra 

(when the residllal nucleus is in a c;iven sti1tc') C~nc! the cotTcspnn­

ding asytmnc•try coefficient from muon capture on "' Ca. The l'f'c..;ltlts 

are shown in F·igs. !J,'l and G. The• tot<~l yield ic..; ~..;iven in T<tblo J. 

It is clear , that if in coincidPnce experiments onE_' defined 

the y -lines onE would be oble to lJrinc:; into cotTesponclettce> Pilch 

peak of the neutron spectrum with the• peaks in c• xcit,~_tiot t s pr•ct­

rum of thP inter nediat., ttucleus. Such inform<ltion would ~ivP 

the possibility f< >r investigating to~ethE:r with photo nuclear rrildions 

and inelRstic E lecb'on scattering the analo~ states in 

nuclei, Up to nc w thE• i:lnalogy between photonuc:lear pt'oc:ess and 

muon capture/1
61 

is USE'd either qualitatively or for the comp1ri­

son of the total capture rate with the photonbsorption cross scoc-

tions. 

Another p ·oblern, which can be investigated by means of 

the coincidence method, is associated with the study of Uw neutron 

asymmetry mech :1nism in the resonance region. It is clenr that the 

neutron yield cc rresponding to the definite state of residual nuc-

leus (measured n coincidence with y -quanta) would be less sen-

sitive to a poss .ble spread of the particle-hole states. Therefore 

such calculution; performed in the framework of the purticle-hole 

model would giv~ a larger possibility for investigating the problem 

than the total nEutron spectrum calculations. 

12 
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Channel 

3/2+ 

1/2+ 

. 5/2+ 

I 

Table 1 

ThE total neutron yield with excitation of daughter 

nucleus ~ 9 K in a given state, w~-) and W ~+> are 

the captL.re rates (in lOr; sec -l) through the negative 

and posi ive parity intermediate states respectively, 

a l and a are partial and total neutron asymmetry 

averaged over the giant resonance region 

w<-> w<+> (-) 
+ w<+> -

' j wj =", al l l j 

1:1.7 6,3 18,0 0,019 

C.5 1,6 8,1 -0,082 

c ,3 3,8 4,1 0,042 

13,5 11.7 30,2 a =-0,005 

16 



,]. Emission of Cl klrQed Particles in 1\1L on Capture by 

Complex Nuclei 

Etnission of ch;wged p<-u1iclos in muon caJture testifies di-

rectly the' presence of the- correlntions between the nucleons in 

nuclei. Tilott01t til(• oxperitn< -nts on chc:trged pccr1 icles detection 
I L?-211 

ilro carded ottt clut·ing tf 10 long time' they <:tr0 ,,ssociated 

insufficiently directly with the basic problem of nuon captur<' 

tttPchnnistn. BasinQ on the t'esonilnce mechanisto idoa in muon 

cctpture IIC' are i:!ble to !liV<' some predictions nbout the ci1<1rged 

p<1dicles emission. The direct cctlculations of th? chctrged p<tdicles 

emission in muon cc-toture in the fr<une\vot'k of tl1e resonance mec-
1 ,, ·)I 

!t<lnism dt'e only in their initi<d staE~"'~~. :-Jcvertheless ttsing 

tlw results, obktined whcen investiQ<~ting the sam 2 pnlblem in pho-
. IH,23,2ll . . . t 

tonuclear t'<'uCbons tt ts posstble to fo 'tnulate he stc-Jte-

rnents about their yield. 

Tile 0t'oss stt'ucture of the c ·oss section 'ot' the dipole 

photoabsorption in double ttk"l[Jic nuclei 11
; 0, n Ca ) is very 

simple. Tlte same process in nuclei with infilled shell shows that 

in this case the excitation tnechanism is more c omplicctted. First 

of all the o,iant resonance in nuclei with unfillec shell is very 

broad. It is formed out of the two o,roups of the nucleon trunsi­

tions, i.e. transition from the last, unfilled shell lnd from the next 

to last, filled shell. As a result one has two er ergy regions in 

the excitation (configurational splitting of the gia 1t t'esonancel
24

/) 

spectrum. The connection between these two gr ::>ups of transitions 

is weak. Therefore each group decays through its own channels. 

The low energy pnrt of the g,iant resonance decays mostly by the 

single nucleon emission into the ground and 10\'' lying states of the 
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resiciual nucleus (A -1). The high energy part doc-,ys into the 

high excited st<des of U t<' final nu clet~s. Such stntes contain d hole 

into the :1ext tu las; sl1ell dnd [l,enet·ally <tr·e lyinl.', «bove tl1o nuc­

l<•on tht·eshold, The ref ore it i_1ppc•etrs th<tt one of U H' Jndin d<•cay 

chc1nnels of the upper g,·oup of the giant t·esonilnCP is two-pildicle 

one, FiQ, 7 illuslra e scilerniltically such a situation, In tho case 

A-2 

A-i 

A 
Fig. 7. The splitting of the giant resonance and iLs dc•uty mode. 

of 1 p -she'll nuclei the nucleon ch<nnel in daughter nucleus A-1 

is supr·essed very often as comr:x"lred with the emission of more 

complex !J-:lrticles, 

Extenciing th .s picture to muon Cdpture/
2 'l/ it is necessdry 

to take into accoL nt the following. Contrary to photoabsorption 

the number of prctons and neutrons change after muon capture. 

In the ci.lse of I p shell nuclei in un interrnedi<·1te nucleus (A, Z-1) 

the thresholds for the clecuys with chctrged padicles Ptnisc-;ion 

an~ much more higher, than the neutron one. For example, in 

I? B 12 (_'. formed in m ~on c<tpture by , the neutron threshold is 

3.4 MeV and the proton one is 11.2 MeV, With increasing <ttomic 
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number the proton and neutron threshold differen< e decreases. 

In ( 2s -1 d) shell nuclei this difference is small. In 28 AI formed 

in muon capture by 28 Si the neutron threshold is 7.7. MeV and 

the proton one is 9,6 MeV, for example. However, when the ato-

rnic number A increases, the Coulomb barrier a .so increases 

and prevents from emission of the charged partie] es if it is 

allowed from the energetic point of view, Therefore unlike photo­

ilbsorption in muon cctpture the neutron channel must he the predomi­

n< u1t one, Aft0r the intermediate nucleus have emitl ed the neutron 

it rPstores the neutron-proton balance, The cll<'u·g ~d particle thres­

hold in the duughter nucleus ( A-1 , Z-1 ) lies ut the sume energy 

or sometimes even lower, tlFl.n the neutron one (it 1 11 Be the neut­

ron threshold is 11. r; MeV nnd the proton is 11.2 MeV). F'or the 

hi<:-'.h-lying st<ltes of the daughter nucleus ( A-1 , Z-l ) with a hole 

in tl1e filled shell the charged pc>rticle emission m "l.y compete 

with the neutron one, Co,nsequently, according to the resonance 

1nodcl the yield of the charged particle x in muon capture must 

be necessarily associated not only with the ( 11-, z x ) channel, 

but also (and, pt·ob<tbly mainly) with the ( fl-; l' n x ) chnnnel. Thore­

fm·e the total charged particle yield must increasE as the n11cleons 

occupy tl1e shell, uchieve the maximum, when th( · shell is 

semifilled (between neighbouring magic nuclei) and decrease with 

appt'oaching to the nearest magic nuclei. The mai:1 part of the 

spectrum of charged pa.rticles must be soft, With ncreasing atomic 

nwnber, the charged particle yield decreases. F'ot nuclei vvith 

A > -10 the chan2,ed particle yield would be smal .• 

Such a mechanism will give a negligible yie :d in the high 

energy part of the spectrum. One nay expect, th'lt high energy 

particles are due to the other mechunisrn of muon capture. At such 
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energies ti1e role )[ the siJort-r<u<QC' correlRtiotls llP<ollles itnpor-
/·~~-,/ 

tant. l\luons may b? Cilphtred dirc>ctly by '-'Ollle clttster·,_, • llo\1·-

ever, the total yi •ld of tile chat·Qed p<1dicles dtte to dttsler 

absorption is not '·xpected to be lcH'Qe, Compadt1Q these h\(J tned tel-

nisms 11·e may corc:lude that basing only on tile dctectiotl of !i10 

two outc;oinQ partie les in coincidence it is impossible to dis tin-

c;uish between the~ ;e two mech<1nisms, 

The analogy between photoabsorp!ion (dipolr·) dnd ttllton 

capture holds whe < one considers only the first forbiclc!en !t', tn-

sitions, ThouQ!J U1< 'Y c;ive the main contribution (in tile· cnse of 

light nuclei) to the tot:1l cupb tre l'i'lte, the :dlowed c~tKl second 

forbidden bY1nsitiot1S may lec;d ,in principle, to specific cle<-<ly 

channels, 
/:>.'.'./ . . 

The ,,Unwed h'dtlsitions in muon rnpture ilt'e vet'Y smulilr 
(ref 

to the transitions 11 ineL:-1stic \II elcch·on scattr•dnc; ""' ·• Tile stt·onQ-

ly excitod levels, liT' in Qrt H'l'cll, eithet' the bound or !i1c lo\\. 

lyinQ ones ;:end th< ·r·efore der ·<;yinc; tnostly tht'OitQh the tX'Ith·on 

channel, The yielc of the clJ<trgcd pc1rticles elite to the• Jllowf•d 

transitions is smull, 

Below we elf •ply the formulated general pdnciples fot' thP 

description of the disinteQration of some of lic;ht mtclei in I p 

and ( 2" - 1 d) si 0lls, Ho\\·ever, sometimes the '.Ienerc:ll pt·inciples 

are not enouQh fer understatJdinQ tite decay modes and 11e 11ill 

take into account the particulat' features of the nuclei considered, 

" Li • In th ~ intermediute nucleus 
1
; liP three c:!_roups of the 

128/ 
levels ure excited by anuloc;y with the dipole c;iant resonance 

. i29,JO/ 
of photoabsorpbot~ • The first Ql'oup is in the enr>rcJ,y reQion 

of ubout [) \rev. is formed from the transitions of the external 

1 p -nucleon to tJ 1e nei.QhbourinQ (2 ,..:- 1 d ) shell, The main dE:> cay 



is the neutr·on one t() II•• with it st!bsequent decay 

of ;, II•• to 1 II•• 1 n . 'TIH• sc>cond ilnd :.!1itd _Q,I'OI-tp~; are in the> 

en0r~y re~ion of 10-:20 IVIPV <~nd of about :10 IV c.V, respectively. 

'They <tre formed from the tr<utsitions of tile intern.tl I..; -nucleon to 

I p sll<•ll. 'J'IIPSP levPl ~t'OIIIJS d<•CilY IIIOStly 1." U II' high PXcited 

st,·ltes of 5 lit·. '1'!1ese dec<ty m<dnly to '1 II ~ ~11 

7 Li • 'The same featut·es cll<lritcterize muc n c<tpture in 
7 Li. 

'The low lyinQ, states would ilpp<.irPntly decuy to 1 lie t- n a.nd 

1 lit· ~:In , and the hiQ,h excited ones 1 II 1 ~II + 2n 

" ill' • 'The decdy of the intermediate nucleu; Li is very 

peculi<tr. Dc>cily with neutron emission leads to ' Li • After beta 

decay B<• is for:ned which is unstable. As a r'~sult one 

has two a -particles in the final state. The :1eutron 

thresl1old in Li is very low ( 21\/I(~v). TlterPfore otte IVOitld he.tve 

p<~rticles from the subspquent dPcay of ~ Li 7 • 
to '' + n It sPPms 

tlv.1t the fntensity of this ch<illnel is of the sanK• order (or· somewhat 

hi'.!hcr) <J.S ~ Li in the hound states. It is «lso P .pc•cted tlt<lt • Li 

would decay to 5 II<> ( 1 11<' + n ) + '1 II with Ll small or probability. 

Note that the <Hla.lysis/
31

/ of photodisintec,r<t ion of 
9 

Bt> , 

based on the same pdnciples huve given go(xl n·sults. 

to B • After thP decay of the int0rmediate n1 rcletrs to B 

through the neutron chunnel ,, B<· is forme-d. R< ·cause· the neutron 

threshold in ~· Be is very lo\\' it would emit <1 sec< •ncl nf_'utron. As 

a result we would have the following chnnnel 

as the m•lin one. 

t'n , t~· c 

I' 

<1nd 

+ ') -U + 2n + I' 

1
'
1 

C • In this case it is irn JO"'""ible to udd 

anythinc.; nton• to the ~cneral principles for-,iluJ;·,tcd without rn<lkin~ 

any C<'llcu]<ltion. 
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11 ( · Thi"' is <1 ne1 tb'on-ricll 111 1cleus. TIK•t'<'forr• aft(•!' rillton 

Ci1ptur•• th•• inte ·mediate 11uclci \\OIIld emit subsPqltontly sot!H' 

nc>utn:ms. I 'rnhally tl1e yield of the rlliln~ed p<tdiclE's is unJik.-.. 

I I~ A . t t' l "tl I t I . /J :>_/ cc :)t'dln~ o rle i'lni1 o~y WI 1 p 10 oil >S orplton 

in 14 (' tl1e inter nec!idte states of tilis nucleus will decay nktinly 

. /:33/ 
n·ith Prnic.;c.;ion rJf tl \ o llf?l tb-ons. Tl1e expenme nt<JJ data on 

pllota<,bsot·ption in 11 ~ confirm indirc•ctly SltCil il cuncl11sion: the 

main clnnnel of the photodisinte~tntion is the ( u , n p) one. T'I1P 

. 1 f . t I ltt I cllilnnel ( )',llfl :~, ) IS n so o unpor <1nce • In muon capture this 

cl!iU1llCl COtTesp-)ncls to the (fl-. l' :!n :1 U 

I·· JJ;() ·' \. T'llis nucleus is the nearest one to the double mugic 

'l'herefon• tfte p ·ocess of capture will be quite: similar to muon 

Ci1 pture in 111 
() , i.e. t!Jc' main <'h<lnnel is tl1c sin~le neutron 

c mission. The :, ield of the chare'ed pnrticles \\.01 tld be sin~ific<.lnt­

ly smal!c•r ilS cc •mp::tn•d with 11uclei having stn dlet' •ltomic numbers. 

Th<' consi1 lered s pec:ific fr"'' lt u·es of disintcr.!,t'ntion of tiK• 

I p shell nuclE·i, wc•t'e <<ssockttc>d ~Vith the fact that th•• Young 

schem" for thefT is n S_!,ood quanturn nurnbPr. For tire (:!s - ld) shell 

nuclei :sttch s pe =ific fc<tb tres ,CJ.t'C' not tn."inife.c;tcd. I {owever, the 

-~("nernl rEC!SJ,ularil y ;·tssoci<~ted with thECJ presence uf two ~rot tps of 

nuclPon t!Yr.nc;itic ns in the muon capture giant l'Psonetncf' tmtst 

hold. L0t us coJtsiclet', dS <::tn example, the nucl0us ~ 0 \P 

T'lrr> nP1.ttrc >n ( Ci.Ci l\ TeV) and a -particlo ( H.l IV!eV) thn•sholds 

fm· the intonnecl ate nucleus 2° F dccc.ty are very close to one 

itnother. The up 8er states of the c;i<.tnt resonancr> may decay 

directly 
l!i on '\ with " -particle emission. I Iowever, because of 

lric.',h C::oulornb be .rriet' and the decrease of thP structurLJ.l fnctors 

of the decay \\ idth it is unlikely tha.t the u - particle channel 

will dominate thE· neutron one. ThP decay of ~° F on the ,~F 
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excited skltes in energy reQion of 4-i:l MeV lead;= also to a -

po.rticle dpcay, a - decay is the sinQle decay d1<tnnel in this 

\ l /J(i/ enerQy rel.!,ion1. Komarov et a • observed the l1igh yield of 

tiJP soft charc.:ed pctrticles after muon cCipture iri'
0 

iP · Ho1vever, tltf_cy 

did not identify ti tem, 

Tl10 expcdrnentnl check of the fonnulated p1 edictions would 

'live the possibility for better understandinQ of thE· rnuon cnpture 

tnc:-chunis111 and 11·ould stimulate rncxe detailed cdlc ulations, 
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