
FIZIKA, 3 (1971) 11-28 

ON THE THREE-NUCLEON GROUND STATE WAVE FUNCTION

II. The Properties of the Radial Part of the Wave Function.

The inclusion of the »soft« core. The Electric Charge Form Factor. 

The µ-meson Capture 

N. BIJEDIC, Z. MARIC and V. ZLATAROV

Institute »Boris Kidric<<, Beograd 

Received 12 May 1970

Abstract: Determination of the radial part of the total three-body nuclear wave 
function which depends on the symmetric scalar argument is discussed. 
The complete »soft« core is included into the known Irving-Gunn radial 
function. With this function electric charge form factors for the 'H and 3He 
nuclei are calculated using different percentage of the S, S' and D compo
nents, as well as dependence of the single nucleon charge form-factor on the 
momentum transfer. Comparison with the experimental results is discussed. 
With the same function the µ-meson capture by . the 3He nucleus is calcu
lated using the non-relativistic limit of V-A theory. The usually accepted 
percentages of S, S' and D-states give very good agreement with the 
experiment. 

1. Introduction

The previous analysis of the total three-body ground state wave function•>* 
was based on the group theoretical considerations. There it was noticed that 
its radial part, which depends on the symmetric scalar argument, cannot be 

obtained using a pure group theoretical method. In order to determine the 
plausible form of the radial dependence one starts from a simple form 
which fits a particular experiment. The included parameters are connected 
with some, arbitrarily chosen, static physical properties. A functional form 
by which an experimental result is successfully fitted, usually fails to explain 

* We shall refer to this paper as I. The formulae cited from it are always
preceeded by I.
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other experiments, or the same one but in some other momentum transfer 
region. Many simple radial dependences were already explored. The Gaussian 
function with the parameter adjusted to fit the Coulomb energy was used in 
the form factor calculation2, 3> and good agreement was obtained only for 
small values of the momentum transfer (q2 < 4 f m- 2

) .  However, with the 
same function it was not possible to explain the low energy photodesinte
gration data4, 5>. The superposition of the two Gaussian functions6) gives good 
fit for the photodesintegration processes, but it fails to explain the radiative 
capture data7>. The Irving function, with the parameter adjusted to give the 
correct Coulomb energy value2, 3l ,  also reproduces the electromagnetic form 
factor values, but for the photodesintegration cross-section one obtains a 
rather large value for the differential cross-section maximumtl . 9). With the 
Irving-Gunn function one finds acceptable explanation for the photodesinte
gration cross-section5, 10>, but the form factor values for the momentum-trans
fer region higher than 5 fm-2 are badly reproduced3> .  GibsonHJ has tried to 
include a part of the soft core into the Irving-Gunn radial form and has 
succeeded in explaining many data concerning the electromagnetic properties 
of the three-nucleon bound state system. However, the physical meaning of 
the Gibson's function is not very clear. On the other hand, it is not difficult 
to include the complete soft-core part into the Irving-Gunn radial dependen
ces. This function was already used in explaining the thermal neutron radia
tive capture on deuteron12> and in the electromagnetic form factor calcula
tions for 4He nucleus 13>. The successes of these calculations are not due to 
the same physical reasons. In Ref.12> the function was used to avoid additio
nal parameters which come into play with the unclear nature of the exchange 
magnetic moment operator, while good agreement in Ref.··3> comes from the 
fact that the Irving-Gunn radial function with the complete soft core has si-
multaneously correct behaviour at large and small distances,  and in the inter

mediate region represents a sort of Jastrow's14> interparticle correlation. Jn 
Chapter 2 we shall briefly explain how the complete soft-core function in
cluded into the Irving-Gunn radial dependence might be obtained from the 
general asymptotic properties of the three-nucleon Schrodinger equation with 
the two particle potential. In Chapter 3 the electric charge form factor cal
culations for 3He and 3H nuclei are presented. The points of view used in the 
calculations are explained and prediction for the possible place of the dif-
fraction minimum is given. This prediction comes automatically as a con

sequence of the very good agreement in the experimentally explored mo-
mentum transfer region. In Chapter 4 the µ-meson capture by JHe nuclei is 

treated. It is shown that the complete soft-core included in the Irving-Gunn 
radial dependence gives correct value for the capture rate within the expe
rimental errors. Again, comparison with the previously published calculations 
is given. In Chapter 5 some conclusions, and in the Appendix some useful 
mathematical formulae are given. 
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2. Properties of the Radial Part of the Wave Func1 ion.
The inclusion of the »soft« core 

We shall now briefly sketch the arguments by which one is led to con
clude that the Irving-Gunn functional dependence of the symmetric scalar 
argument comes from the nucleon-nucleon interaction considerations , and 
that the inclusion of the core is only the introduction of the known proper
ties of this interaction. 

Let us consider two-nucleon interaction , 

-+ -+ . .  V,; = U (r1 - r;) 0 (z, J) , ( 1 )  

where O (i , j) contains the spin-isospin part, whose matrix clement can be 
written as 

< S, ( I Q  (i, j) I S, f > = A2s + 1 ,  2 ,+1  Uo 1 (2) 

where s and t are the spin and isospin values respectively, ). is the coefficient 
depending on the total spin and isospin of the state, and Uo is the scalar 
coefficient. From the invariance properties of (1) in the spin and isospin 
space follows the general form of the O (i, j) , which is the known superposi
tion of the Wigner, Bartlett, Heisenberg and Majorana forces. The full inter
action in the three-particle system is then: 

(3) 

where the index S corresponds to the symmetric , and 1 and 2 to the mixed 
representation of the S3 group. The corresponding function is the superposi
tion of the S and S' components , since the D-components are being generated 
from the tensor part of the nucleon-nucleon interaction. Consequently , in 
this analysis we shall take only S and S' state and write: 

'I' = 'I', <I>.. + '1'1 Cl>2 - '1'2 Cl>, (4) 

The function (4 ) is antisymmetric. The functions 'l',, '1'1 and 'l'z depend on the 
radial variables, and the functions et> .. , Cl>1 and Cl)2 on the spin-isospin variables. 
The indices have evident meaning. A system of coupled equations for the 
'I', , 'l', and '1'2 functions was given by Verde15>. It is sufficient to consider only 
the symmetric function for which we have 
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The operator T is the sum of the kinetic energies of the three partic les . Using the t ransformation (I . 4) for the operator T one finds 

In a dynamical analysis, when only the qualitative behaviour is considered, one can neglect the small S' compone nts. Once 'I's dependence is known it is st raightforward to form the 'I's radial dependence. When necessary using only the group theoretical a rgume nts . By the requirement o f  the t ranslational 
invariance Ro is eliminated and Eq. (5) reads =

[ h1 � � ] - M ( '\7 11/ ·+ V 11i) + ').. Us 'l'. = E 'I'. , (7) 

w ith 1 ). = 
2 

(A3,1 + '.A.1,3) • 

Let us conside r now only the asymptotic prope rties o f  the so lution o f  this equation. From the properties of the nucleon-nucleon potential, U. � 0, r;; � oo, this corresponds to t he free pa rticle wave equation 
(8) 

The function '!'1 (Ri, &) can be thought as a function in a six-dimensional space in wich we can write the solu tion of the Eq . (8) in the form15> :  
� ( &  12 ) '1', (Ri, &) = Lf' (R) q>.: R' R , (9) 

where R is the intensity o f  the vector .& = (Ri, Ri) in the six-dimensional space : 

� - � The function q>.r ( �1
: ) is a part o f  the harmonic polynominal 

-+ � -=>' -:. P.r (R, , &) = R.r q>x (H,, &),
which satisfies the equation: 

(10)
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From the Eq. (8) fo llows the equation for the function t� (R) :

For R -+ oo, and for any K we have :
( a�' + x') f< (R) = 0 ,

and f x (R) for the bound state reads : 
f (R) ,.., exp - _' -2 - • R • { VTETM } R -+ oo h 

15 

(11) 

(13) 

(13') 

The angula r average of the function cp, ( !• ! ) gives the constant con
tribution which can be incorpora ted in the parameters which a re often subject to a t rial procedure . Therefore, (or the large values of  R it follows 

f (R) = Rm12 exp {- � R} , (14) 
where � and m are parameters .  This is known as the Irving-Gunn function. For small distances i t  was alrea dy suggested•5> that the Eq . (14) has to be mo dified by the inclusion o f  the hard core radius 

{ 0 for Ylf < Ya I 

f (r.2, T231 TJ1) = 
f, (r,2, Y2J, TJ1) [ (ru - r�) (r� - Ta) (rJJ - ra)}-12 • (15) 

This is a rather drastic condition which introduces the hard core radius  which is not experimentally well established. However, Eqs . (15) can be slight ly modifie d  by put ting · r., = 0 under the condition that  the full dependence should be that o f  the symmetric scala r  argument . This is a fraction which we ca ll a complete »soft«  core function: 
'I's (symmetric scala r) = f (R) [II r,l]"12 = i<i 

{ 1 -> -+ }n/Z 
= 16 JU [ (3.Rt2 + Rl)2 

- 12 (R, · &.)2
] Rmn exp {- '3 R} . (16)
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As it was no t iced in the preceeding Chapter, this function has a good bel1av iour at small and at large distances, and the factor [II r,l]'1J2 empha sizes the 
i<i known particle corre lat ion term for any dis tances . With this function, for n = 1; m = - 2 fair agreement was already obtained for neutron -deuteron capture cross-section 12>, and for the electric-charge form factor of the 4He nucleu s13>. 

3. Charge Form Factors for 3H and 3He nuclei
The expression for the cross -section of the elastic scattering of elec trons on nuclei derived from the current-curren t interaction in the Born approxi mat ion (usually called the Rosenbluth formula) apart from the Mott  scatter ing c ross-sect ion term, contains the following impor tant dynamical quant it ies : 
1) a combina tion of the charge form factor of  single nuc leons,2) the Fourier t ransform of the charge distribut ion in nuc lei (to which onerefe rs as to the charge form factor ), and3) the Fourier tran sform of  a magnetic moment distr ibution (to which onerefers as to the magnetic form factor) IS, 111.

Here we shall restrict ourselves to the charge form factor calculat ions . Apart from the body form factor calculations, when one supposes that the proton and neutron form factors are 1 and 0, respectively, (what allows one to put the whole dynamics of the electron-nucleus sca ttering into the quantity wh ich is the Fourier t ransform of the nuclear wave func tion), there are two other analyses of  the char ge distribu tion in the three-par tic le nuclei . One of them is reported in the work o f  Schi ff and his co llaborators 2, 17, 18> and the other in the wor k  of  Srivastava 19>. In the former it i s  suppo sed that the neutron charge form factor Feh
n (q2

) is always zero, but the analysis is extended to S, S' and D components · of the nuclear wave function . In the latter, the analysis is done only with the S state function, but the momentum transfer dependence of  the neutron charge form-factor was taken into account . Both of them are working hypotheses and neither of  them can be disregarded a priori . With fun ction given in (16) we have calculated : a.) the body form factor, �) the Schiff like form factor, and r) the Srivastava-like form fac tors and its extensions when S' and D components are included . We shall suppose that the D-state components might be well represen ted taking only the % function (I . 26). 
For thi s case the expression for the 3He form factor, Fc1, (lHe), u sing (I . 28) reads : 

P,, ('He) = ( p,.• + ! p,.•) ( P .. F. + P.,• F., ) - ! P. P., ( Fa.' - F-.•) F.-.. + ·
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+ Po' [ ! F .. • Fo1 + ( ! F,,' + ! F..") F.,] , (17) 

and the corresponding expression for the 3H nucleus is : 

+ P,' [ ; F.." F,1 + ( ! F.." + p,.•) F., ]  , (18) 

where F.,/, 0 are the proton and the neutron form fac tor , respec tively, F., F,,, F.-•. are defined in (I. 31) and (I . 36), Fo1 and Fo2 are ob tained us ing the defini tions (I. 18) .  In the Appendix we have lis ted the explici t expressions for these in tegrals when for the radial func tion of the symme tric scalar argumen t the func tion (16) is used . The calculations are ma de for (m = 0, -2, 
-3, -4). While the values ob tained for (m = 0, -2, -4) devia te from theexperimental poin ts ,  the values for m = - 3 are very close to the experimen tal ones , and oscilla te around them depending on the percentage of theS, S' and D components and on the inclusion or exclusion of the neutronform factor dependence on the momentum transfer .

In Table 1 we give the results o f  the calculations for the 3He nucleus , toge ther wi th the experimental values repor ted by Colard et al.20,.  The experimental values for the pro ton and neu tron form fac tor are taken from Levinger et az.21>. In column I the values for the body form fac tor  calculations(10 0 % of the S s ta te) with the mean value o f  nuclear radius < r > 112 = 1.8fm are g iven. In column I I  the Srivastava-like analysis is reproduced again wi th 100 % of the S s ta te but including the pro ton and neutron form fac tor 
dependence with < r1 > 112 = \13 fm . This va lue o f  < r > 112 is the same forbo th 3He and 3H nuclei as a consequence of the charge symmetry. Columns I I I, IV, V and VI are calculated for this value o f  < r > 112• In colums I I I  and IV the values are obtained with 98 % of the S s ta te and 2 % o f  the S' s ta te .  The former is wi thou t neutron form fac tor values while i n  the la tter this dependence is included . The columns V and VI contain results of the calcula tion with 92 % of the S s ta te ,  2 % of the S' s ta te and 6 % of the D-s ta te .  Again, in firs t case the neutron form fac tor is neglec ted , while in the second i t  is included. The parameters of the func tion ( 16) are taken in such a way as to give the correct value for the nuclear radius which reproduces the Coulomb energy. 

In Table 2 corresponding results for the 3H nucleus are repor te d. Here , in column I the body form factor is calcula ted for the mean value o f  nuclear 
radius < r1 > 112 = Y3 fm . 

In Table 3 the values for the ra tios Fch (3H)/F.,,. (3He) for all columns are repor ted .  
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Table 1 

F,h (3He) calculated 

q2 
I Ps2 = 1 Ps2 = 0.98; Ps,2 = 0.02 I Ps2 = 0.02; Ps1, = 
j = 0.02; Po2 = 0.06

- II 111 IV V VI 

1 0.567 0.5869 0.5805 0.5575 0.5642 0.5445 0.5510 

2 0.329 0.3477 0.3442 0.3172 0.3269 0.3050 0.3137 

I I 

3 0209 0.2064 02087 0.1854 0.1949 0.1763 02145 

4 0.132 0.1216 0.1272 0.1089 0.1181  0. 1019 0.1095 
--- ---

5 0.081 0.0701 0.0776 0.0635 0.0707 0.0591 0.0656 

6 0.054 0.0387 0.0465 0.0378 0.0415 0.0336 0.0378 

8 0.017 0.0079 0.0152 0.01 1 1  0.0131 0.0099 0.01 1 8  

Tab. 1 .  - Momentum transfer dependence of the electric charge form factor of
the �H nucleus. The experimental values are taken from H. Colard et al.20> The
values for the single nucleon charge form-factors are due to Levinger and Striva
stava21>. Column I contains the body form-factor ( 100 % of the S state and 
F,,.P = 1 ,  F,,.n = 0) ,  column II the charge form-factor ( 100 % S state and the corres
ponding values for F,,.<> (q2) and F.,.0 (q2) ) .  Column I l I  represents Fc1i (3H) taking 
S = 98 % and S' = 2 % and F.,.p = 1 and F.,,n = 0, while in column IV for the same 
percentage the Fc,.P and Fc,.n dependence is taken into account. In column V are the 
F,11 (3H) values obtained with 92 % S, 2 % S' and 6 % D-state, and for F'""p = 1 
and F,,." = 0, while in column VI the same percentage of the S, S' and D-state are 
used, but various F,,.P and F,.,," are taken into account. 
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One can see that best agreement is found in columns IV for both cases . Tha t ref lects the importance of the neutron form f ac tor dependence, as we ll as the ambigui ties connec ted wi th the D-s tate function, especia lly, with the D-s tate radius : 

< Ro' > a ! No' Po' f 'Yo rn' 'l'o dVo = Po' 3
! 

W 
(16 + m) (17 + m). 

The exper imen ta l minimum which appears for q2 = 6 fm 2 (see Tab le 3) isprobab ly acc iden ta l. I t  is in tr iguing that the theoret ica l min imum appears only in column VI. I t  migh t happen that a reasonab le change of the D-state radius wou ld shift it to the r ight posi tion .  

Table 3 

q2 exp. I II IJI IV V VI 

--
1 1 .0970 1 .1070 1 .0336 I 1 .0t,74 1 .0994 1 .0670 1 .0991 

2 1 .1763 12160 1 .0735 1 .0735 1 .1979 1 .1305 1 .1973 

3 1 .2775 1 .341 1 1 . 1 18 .l  1 .1775 1 .2935 1 . 1883 1 .1 1 19 

4 1 .3258 1 .4883 1 . 1714 1 .2553 1 .3802 1 .2561 1 .3927 

5 1 .4568 1 .6762 1 .2268 1 .3402 1 .4880 1 .3349 1 .4878 

6 1 .3x89 I 1 .9432 1 .2667 1 .3810 1 .5831 1 .4 167 1 .6085 

8 1 .7059 I 3.5316 1.3026 1 .5586 1 .8015 1 .7071 1 .8136 

Tab. 3. - Ratio of the electric charge form-factors F,1r (3He)/Fc1r CH) for different 
momentum transfers. The values are obtained as the ratios of the quantities 
taken from the corresponding columns of Table 1 and 2. 
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The calculated charge form factors both for 3He and 3H nuclei tend to 
zero for the momentum transfer values of about 10 fm- 2

• These minima are 
similar to those already found in the charge form factor of the •He nucleus22). 
Unfortunately, measurements for values of the momentum transfer qi > 8 
fm -2 do not exist. 

4. µ-meson capture by 3 He nuclei

The capture rate, A, for the reaction 

(19) 

was measured by several groups23>. The result24> to which one usually refers 
in the theoretical considerations is : A = (1410 ± 140) s- 1

• This reaction was 
considered as one of the possible tests for the induced terms in the weak 
interaction25>, in which case the theoretical expression for the capture rate 
contains the relativistic corrections. The determination of the induced terms 
presumes that the radial part of the nuclear wave function is well known. 
Here, however, we want to calculate the capture rate with the new function, 
and since the relativistic corrections are of the same order of magnitude 
as the experimental errors, it will be sufficient to make the calculations in 
the nonrelativistic limit. 

Within the framework of the V-A theory of the weak interaction, the cap
ture rate for the reaction (19) is26> 

with 

where 

and 

{c-' ! J l  I' + r I s"tr} , 

W = ( 
2 m'

µ )
3 

__ v2_ 

In 1 + -v
MlH 

G. = g. ( 1 + ,;) + g,, I" = Gi + ! (Gi - 2 G, G,)

(20) 

are the constants which characterize the weak interaction; m" J.1 and M are
the reduced µ-meson and proton mass, respectively, v is the neutrino im-
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pulse, and <?µ, the S-state µ-mesic function, is taken to be <:1- constant over
nuclear volume. 't',c- > is the isospin operator for the particle l with which 

the elementary proces µ- + p -+  n + v takes place, and 0-1 is the spin operator
acting on this particle. For the wave function '1' (3H) and '1' (3He) as in the 
preceeding chapter we shall suppose that they are composed of the S ,  S' and 
one of the D-components ('1',) . 

-+ 
The quantities f 1 and f o- are then: 

J 1 = :z [2 P,' F, + 4 ¥2 P, P, P,-,. + 2 P/ F,, + P,' (3 F,, - F,,l ] , (22)

· [- 2 Ps2 Fs + Ps,2 ls• + Pn2 lo] ,

1 
2 :J ,,� 

(23) 

where Ps2, Ps·2 and Po2 are the percentage of the S, S' and D components in 
the total wave function. When '1' (sym. scalar) is defined by (16) all other 
quantities are the integrals listed in the Appendix. 

It is interesting to note that while the quantity (22) is directly related to 
the form factor integrals , the quantity (23) can be expressed through them 
only for the S state component. 

A (s-1 ) 

. �- -- . 

exp. 

1 4 10 ± 140 

Table 4 

Ps2 = 1 

1 555 

Ps2 = 0.98 Ps2 = 0.92 
Ps,2 ::: 0.02 Ps,2 = 0.02 Pi = 0.06 

1515 1401 

Tab. 4. - The calculated capture rate, A, for the reaction µ- + 'He -+ 3H + v.
The experimental value is taken from Falomkin et al.24> The constants which cha-
racterize the weak interaction process are taken as : ( g ! / g t) = - 1.18;

. µ � µ � � � gp = 7 g,., g V = 0.972 g V; g A = 0.999 g A; g,.. = 3.7 g V; gs = gT = O; g V =
= 1 . 1473 · 10-11 Mev-2• 

We have calculated the capture rate supposing first 100 % of the S state 
in the final and initial nuclei and then including 2 % of the S' state and 
6 % of the D-state. Results are given in Table 4. The obtained value given in 
the last column is in very good agreement with the experimental results. 
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5. Conclusion

The agreement with the experiments, obtained by including a »soft« core into the known radial dependences for the three nucleon bound state wave function, strongly suggests that the »core« part is important both for the small and high momentum transfer regions. Moreover, it is a unique quantity, which in a stronger form reproduces and predicts the diffraction minima that appear an electron scattering on very light nuclei.* The determination of the percentages of different components is a delicate question. It seems definitely that without introducing new parameters, S'-state is about 2 %.The analysis of the D-state implies a new parameter, its radius, which interplays with the value of its percentage, or more precisely, from the very complicate nature of the D-state it appears that the whole D-state function is a parameter. 
Appendix 

For the reduction of the integrals Fs, Fs, and Fs-s• to the form (I. 32) the relation: 
f � � �-+ (4 7t

)2dn1 d02 (R1 R2)2
" exp {i q Ri} = 2 K + 1 (Ra R2)u: jo (q R1) A.l)

is used. For the reduction of the integrals Fo1 and Fu,. to the same form, we have used the following relations: 
f � � � ;:;-t 4 (41t)2Da D1* (Ra R2)2 exp {q RaJ d01 do,. = -9-- Ra2 Rl

· ( R.' + &' - : R,' &') j, (q R,)

The integrals in (17) are: 
17 - + m  [ 18 ( - ni + 5 . _ m + 4 . 4 . _ z) _Fs· = (1 + z) 2 S F 2 , 2 , , 

A.2) ·

* Note added in proof. The experiment of electron scattering on 3He nucleus for 
higher momentum transfer, up to q2 = 20 fm-2, is performed by J. S. McCarthy
et al. Stanford and published in HELP - 635, July 1970. The diffraction minimum appears at q2 = 1 1 .6 fm.-2• 
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- 4 (1 + z) F ( -
m 

2
+ 3 ; - !!: ; 2 

; 5 ; - z) +

7 2 ( m + 1 . ni . . 
) + 5 (1 + z) F - -2- , - 2 , 6 , - z ,

1 /2 
v

(12 + m) (13 + m) Fs-s• = - 2  V 5 (14 + m) (15 + m) ( 1  + z)

�,
-+ m

· F 9 F - -- · - -- · 4 · - z -- - {1 + 7) ·-
[ ( 

m + 7 m + 6 
) 

85 
2 ' 2 ' ' 4 '" 

· F (- � · - � · 7 · - z ) J
2 ' 2 '  ' . . 

A.3)

A.4}

p.. ( I + z) � + "' [ 9 F ( -
m; 9 ; - m; 8 

; 4 ; - z ) - 25 ( l  + z) · 

( 
m + 7 m + 6 

) 
22 � 

· F - -2- ; - -2- ;  5 ; - z + 7 S (1 + z)· · 

. F (-
m + 5 . _ m + 4 . 6 . _ z) _ 7 · 13 (l + 7)

1 
• 2 ' 2 ' ' S '" 

. F (- m + 3 . _ m + 2 . 7 . _ z)
22 (l )4 

2 ' 2 ' ' + s + z  ·

· F (- � · - m · B · - �
)] 2 ' 2 ' ' � A.5}

-+ m [ 360 
( 

m + 9 m + 8 
) 

714 
Fo1 = (l +z) 2 65 p - -2- ; - -2- ; 4 ; - z - 65 0 + z) ·
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· F (- � · - � · 8 · - z)] 
2 ' 2 ' ' 

F·.... 
-+ m f 750 

( 
m + 7 m + 6 

) -� = (l +z) 2 l 65 (l +z) F - -2- ; - -2- ; 5 ; - z -

.14 77 (l )2 F ( 
m + 5 . m + 4 . 6 . ) - 65 + z - -2- , - -2- , , - Z + 

1078 (l -'- )3 r (- m + 3 . _ m + 2 . 7 . _ 
)+ 65 · z r 2 ' 2 ' ' Z 

- - (1 + z) F - -- · - - · 8 · - z 286 4 ( m + 1 m 
) 

] 65 2 ' 2 ' ' 

25 

A.6)

A .7) 

Where F (l; p; q; x) is a Gauss hypergeometric function, and z = q1/12W. Theintegrals in (23) are: 
ls' = /s'1 + /s'2 ,

65 
( 

v2 
) ( 

m + 7 m + 6 v2 
) - 2 l + 12 �2 F - 2 ; - 2 ; S ; - 12 W +

189 
( 

v2 ) 2 ( m + 5 m + 4 ,J2 
) + 4 l + 12 W F - 2 ; - 2 ; 6 ; - 12 '32 -

33 
( 

v2 ) 4 ( m + 1 m v2 
) 

] 
+ 4  l + 12 W  F - -2- · - 2 ; S ; - 12 ff A.8) 
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1., = �o ( 1 + -1/-;r [ �
5 

( l + 12�')  . 
 

( 
m + 7 m + 6 v2 ) 329

( 
v2 ) 2 

. F - 2 ; - 2 ; S ; - 12 W - 20 l + 12 �2 
• 

. F (- m + 5 . _ m + 4 . 6 . _ _:!_) 133 ( 
')2 ) 3

2 , 2 , , 12 �2 + 10 1 
+ 12 {32 •

. F (-
m + 3 . _ m + 2 . 1 . _ _:!_) 77 

( 
v2 

)
4 

2 ' 2 ' ' 12 W - 20 l + 12 W •

( m + 1 m v2 ) ]  
. F - -2- ; - 2 ; 8 ; - 1 2  {32 '

25 

1,, = 1� ( 1 + l;;, )
z

+ m 

[9 F (- ,n2
+ 9 ; - in ;

B
; 4 ; - 12�'

) 
-

58 · 7 ! !  
+ �

48 · 9! !- �

( 
v2 ) ( m + 7 m + 6 v2 ) 

l + 12 W F - -2- ; - --Y- ; 5 ; - 12 W +

( 
v2 ) 2 ( m + 5 m + 4 v2 ) 

l + 12 W F - 2 ; - 2 ; 6 ; - 12 W -

A.9)

+ 
16 · 1 1 ! !  
8 · 7 ! 

A.10)

1., = 1� ( 1 + 12�r·+ m  [9 �'i' ( 1 + !;�. ) ·

( 
m + 7 m + 6 v 

) 
633 7! !  

( 
v2 

) . F - 2 ; - 2 ; 5 ; - 12 �2 - 25 2 · 5 ! l + 12 �2 • 

( m + 5 m + 4 v2 ) 616 9 ! !  
( 

v2 
) . F - -2- ; - -2- ; 6 ; - 12 {32 + "Ts 4 · 6! 1 + 12 [32 • 
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. F (- m + 3 . _ m + 2 . 7 . _ 'J
2 )- 208 11 ! ! (. ·i ) 2 ' 2 ' ' 12 f32 25 8 · 7 !  l + 1 2  W .

27 

( m + 1 m v2 )] 
. F - -2- ; - 2 ; B ; - 12 f32 A.1 1)

The parameters � and m are related to the root mean square ra dius and Coulomb energy by the formulae :  
1 < r2 > = 6 W [Pl ( 12 + m) ( 13 + m) + Ps,2 ( 16 + m) (17 + m) +

+ Po2 ( 16 + m) (17 + 111) ] 

� 3 ' 26 } 2 . 61 6 . 29 Er = e2 
-;- 91! 5 ( 1 1 + m) Ps2 + _1_1 _ .

A .12) 

Ps Ps, + --- --- Ps,2 +
[

12 + !ff ] l/l 27 . 137 1 
10 ( 13 + m) (14 + m)  (15 + m) 1 1  · 13 lS+ m  

64 . 53 1 p 2} + Tf:13 1 5 +m O 
• 

A.13)

,n = - 3;  . v3 and for 11 = 1 < r2 > = 3 fm·; � = 2 0.4945 f m- 1 ; E,, = 0.6255 MeV.

Re f e r e n c e s 
1) N. Bijedic and Z. Marie, Fizika 1 (1969) 219;
2) L. I. Schiff, Phys. Rev. 133 B (1964) 802;
3) B. F. Gibson and G. B. West, Nucl. Phys. B1 (1967) 349;
4) M. Verde, Helv. Phys. Acta 23 (1950) 453;
5) J. C. Gunn and J. Irving, Phil. Mag. 42 (1951) 1353;
6) H. Eichmann, Z. Pbysik 175 (1963) 115;
7) J. P. Didelez, H. Langevin-Joliot, Z. Marie and V. Radojevic, Nucl. Phys. A.143 (1970) 602; 
8) J. R. Stewart, R. C. Morrison and J. S. O'Conell, Phys. Rev. 138 B (1965) 372; 
9) C. Rossetti, Nuovo Cimento 14 (1959) 1 171;
10) R. Rosch, J. Lang, R. Miller and W. Wolfi, Phys. Letters 15 (1965) 243; 
1 1) B. F. Gibson. Nucl. Phys. 2 B (1%7) 501;
12) J. B. Vujaklija, Mgr. Thesis, University of Belgrade, 1969 (unpublished)
13) N. Bijedic and Z. Marie, Lcttere Nuovo Cimento 2 (1969) 831;
14) R. J. Jastrow, Phys. Rev. 48 (1955) 1479;



28 BIJEDI� et al. 

15) M. Verde, Handbuch der Physik XXXIX;
16) A. M. Badalyan and Yu. A. Simonov, J. of Nucl. Phys. (in russian) 3 (1966) 1032;
17) L. I. Schiff, Phys. Rev. 133 B (1965) 1 153;
18) B. F. Gibson and L. I. Schiff, Phys. Rev. 138 B (1965) 2o;
19) B. K. Srivastava, Phys. Rev. 133 B (1964} 545;
20) H. Collard, R. Hofstartcr, E. B. Hughes, A. J. Johannson, M. C. Yearian, R. B. Day

and R. T. Wagner Phys. Rev. 138 B (1964) 802; 
21) J. S. Levinger and B. K. Srivastava, Phys. Rev. 137 B (1965) 426;
22) R. F. Frosh, I. C . .McCn,acartty, R. E. Rand and M. R. Yearian Phys. Rev. 160 B

(1967) 874; 
23) L. B. Auerbach. R. J. Esterling, R. E. Hill, B. A. Jenkins, J. T. Lach and N. H. Lipman,

Phys. Rev. Lett. 11 (1963) 23; Phys. Rev. 138 B (1965) 127;
24) I. V. Falomkin, A. I. Filipov, M. M. Kulyukin, B. Pontecorvo, Yu. A. Shc.eroakov, R

N. Sulyaev, V. M., Tsupkositnikov and 0. A. Zaimidoroga, Phys. Lett. 3 (1963) 229;
2S) C. W. Kim and H. Primakoff, Phys. Rev. 139 B (1965) 1447;
26) R. Pascvale and P. Pascval, Nuovo Cimento 44 (1966) B434.

0 TALASNOJ FUNKCIJI OSNOVNOG STANJA
TROCESTICNIH NUKLEARNIH SISTEMA 

I I. Svojstva radijalnog dela talasne funkcije. 

Uvodenje »soft-core«. Form-faktor naelektrisanja. 

Zahvat µ-mezona. 

N. BIJEDIC , Z. MARIC i V. ZLATAROV

lnstitut »Boris Kidric«, Beogr.ad

S a d r za j
U radu je diskutovano odredivanje radijalnog dela talasne funkcije tronukleonskog sistema. U publikaciji 1> pokazano je da je argument ove funk cije simetricni skalar. U poglavlju 2 diskutovani su asimptotski uslovi koje funkcija treba da zadovoljava (relacija 13') dok je u relaciji 16 uveden komple tan »soft-core«. U poglavlju 3 diskutovan je form factor jezgara 3H i 3He dat u (relaciji 17 i 18). Numericki rezultati za razlicite parametre funkcije (relacija 16) dati su u tablicama 1, 2 i 3 dok su analiticki rezultati dati u apendiksu. U poglavl ju 4 diskutovan je zahvat µ..mezona na jezgru 3He. Analiticki izrazi za verovatnocu procesa dati su relacijama 20 , 22 i 23, dok su numericki rezultati dati u tablici 4 .  Dobro slaganje racunatih podataka sa eksperimentalnim opravdava definisanje funkcije relacijom 16, i istice potrebu razmatranja korelacija kratkog dosega - »so ft-core«. 




