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1 • INTRODUCTION 

In а theoretical description of pion-nucleus interactions 
one usually neglects mass differences of pions, nucleons, and 
isobar-nuclei because of their smallness with respect to the 
masses itself or collision energy. But such simple arguments 
cannot Ье considered as sufficiently ~onvincing. In а number 
o f proЬlems taking into account of the differences may Ье es
sential or even indispensaЬle. 

In the first place this is the investiga tion of strong-in
terac tion charge-symmetry-Ъreaking in pion-nucl eus sca tterinк. _ 
It is clear that a n experimental-data analysis, aimed to ob
t ain information on this subtle effect, demands а careful treat
ment both of pure electromagnetic correc tions and charged-mul
tiplet mass-splittings explicitly breaking the symг1etry even of 
the free Hamiltonian. 

ProbaЬly, а disre~ard or insuf ficient l y correc t taking into 
account of the -mass differences i s just а cause of the contra
dic tions· appeared in tha t i nvestiga tion area. On the one hand, 
in the experiments on pion scattering from deuteron /I~ C,/ and 
3-nucleon nuc l ei /б / one sees а significant deviat i on from the 
cl1arge-symmetry. On the o ther hand, f or exampl e , in elastic 
тт 40 Са scatt e riпg one group finds the symmetr y-breaking / 7 / mean
wh~ l e the other does not / В, 9 / . Moreover , the charge-asyппnetry
parameter va lue c hanges in а wide r eg i on from paper to paper. 

The mass di fference s may also Ье es senti a l in proЬlems, where 
the ene r gy-re l ease of the processes · тт+n ... тт0 р + 5 . 9 MeV· and 
17 - ·р .. ТТ0 П + 3.3 HeV is comparaЬle with col li sion ene rgy or there 
are variaЬle strongly depending on energy (fo r example 3 in 
а vicini t y of а r esonance) . As а r esu l t of the ene rgy rel ease 
tl1e inelastic c hanne ls with threshold s above the colli.sion ener
gy not more than 5.9 MeV become open. Гresence of open. channels 
may essentia ll y change the sca ttering picture. Fo r exampl e, the 
scat t ering length turns ou t to have an imaginary part not con
cerned wi th pion- ab sorption. 

The more c hannels are open , the grea t er influence they can 
ge t upon the sca ttering process . Conse quent l y , due to t he growth 
o f ~h e nuclear l eve l den s ity with inc r eas ing mass number of the 
nucleus, we may expec t that a t l ow coll i sion energie s t aking 
into account of t he ma ss di ff e renc es becomes mo re important fo r ~ 

heavy nuclei .' ".----· --·----
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The mass differences might Ье а cause of the anomalies of 
heavy pionic atom spectra discover ed for 1fJ Та -, 2g~ Bi and some 
neighbouring nuclei / lO,ll / , Тhе anomalies consist in much smal l er 
values of the measured shifts and widths of the atomic 3d-states 
as compared with predictions of the optical-potential model very 
successfully describing light and medium pionic atoms. In pa
per / 12/ an attei)lpt is made to accomodate the theory to · the expe
riment with •the use of the strong energy dependence of the iso
scalar 11N amplitude near the threshold. The shifts and widths 
of the 3d-states ar,e very sensitive to the magnitude of that 
amplitude. Replacing the energy щ Ьу (щ- Vc) like the minimal 
coupling in the electrodynamics (here V с is the Coulomb-poten
tial), the author 1121has obtained а good agreement for the 
shifts, but for the widths there has remained а very subs~antial 
anomaly Ьу а factor of about two. 

The examples, presented here, do not exhaust appa'rently the 
list of proЬlems, where taking into account of the mass diffe
rences may Ье important. · 

Untill now there has been analysed the influence of the mass 
differences only on the S -wave low--energy 11d scattering/13-15( 
It has been found that the mass differences decrease the real 
parts of 11± d lengths Ьу about 0.003 fm and induce imaginary 
parts of them -10-4 fm/ 15/ ,that is, the role of the mass diffe
rences in 11d system turns out to Ье negligiЬle. 

However, being based on that result, one cannot make the 
conclusion about their small role in scattering of pions from 
any other nucleus. The point i s that the virtual charge-exchang_e
process contribution to the S -wave .11d scattering is supp
ressed Ьу demanding the transition of the particles into P
state for that processes due to the Pauli principle and the 
parity conservation law / 16/ .rn other words, this suppression is 

_ caused Ьу а very small number of nucleons in the deuteron, i.e., 
Ьу very few possiЬle spin-isospin states. 

For 3-nчcleon and more heavier nuclei this suppression is 
taken off. Hence, one cannot а, priori say h_9w it is important 
to take into consideration the mass differences for pion-nucleus 
scattering with А > 3. 

In this , paper, ~sing the formalism proposed earlier / 15/ , we 
calculate the lengths of pion scattering from 3 Н and 3 Не"' ·in 
view of the mass вplittings of the pion, nucleon, and nucleus 
isomultiplets and investigate а sensitivity of the results to 
variations of the 11N -potential parameters. 

2. FORМALISM 

In а theoretical description of nonrelativistic quantum sys
tems а constant term corresponding to the sum of masses of con
sidered particles as usual is not included into the total ener-
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gy. In our case it is more convenient to take the vacuum energy 
as an origin of the energy-scale. Then in tne Hamiltonian one . 
has а supplementary addendum, namely, the mass operator. 

As eigenstates this operator has states with definite values 
of the isospin-third-components of particles because а particle 
of а charged multiplet and its mass are uniquely defined just 
Ьу its isospin-third-component. And the eigenvalues are equal 
to the sum of masses of particles in the corresponding isotopic 
states. 

Thereby the mass operator ~ is diagonal in the basis 18> 
= l t 11 т 17 , t 1r1 , t 2r2 , t 3 т 3 > , where t 17 , ti are pion and i -th 
nucl eon isospins, and т 17 , т i are their third components • 

. If one c~uple~ a~l th~ isяspi~s toyroduce th~ stat~ 1~ > 
w1.th total 1.sosp1.n I = [ (t 1 + t 2) + t3] + t 11 and 1.ts thнd com-
ponent ... т, then in the basis 1 ~ > ... = l(((t 1t 2 ) t 12t 3) tt 17)1r > ope-
rator m loses the diagonality m = ~ 1 ~ '> m8 м8, <71 1 , 

~·~е ~ ~ 

where me is an eigenvalues of m in the state 1 8> and м~-~ 
= < 71' 1 8 > < 8 1 ~ > are ,the recoupling coefficients. 

The cause of nondiagonal i ty consist s in the dependence of 
on the quantum numbers of . the sta te 18> т е 

m (} ~ m + t. 1 т 1 + t. N (.!.. - r + т ) , 
о 1Т 1Т 2 11 

where t. N = mn-m Р "' \.3 MeV, 
.= Зmр + m 11о • Tha t dependence 

6. !7= m 17+-mчo=- 4.6 !feV, m = 
d1sappears 1n the degenerated 

; 

case t.N = 6. 17 =О. 
Let Н = l;lo + V + Н А Ье the Hamil tonian of the pion-nucleus 

s ys tem, where Н0 describe s а free relative pion-nucleus motion, 
V i s the sum of the IТN -potential s, Н А is the nucleus 
Hami ltoni an . The mass operator is included into the free-motion 
Hami ltonian 

, k 2 (} 
Н0 = ~ 1 11 > (- + m 8) М , < ~ 1 , 

~ -~ 21L(} ~ ~ 

·( s the where k i s t he relative pion-nuc leus momentum, IL() 

corre sponding reduced mass in the state 18>. 
The amplitude of scattering 11 (ЗN) ... 11(ЗN) is an asymptotic-

sta te average of the operator T(Z) - V + V(Z -Н) - 1 v,, that obeys 
t he equa tion / 171 

Т = Т 0 + T 0 G0 HA GAT, 
(\) 

where G
0 

(Z) = (Z- н 0 ) - 1 , G A(Z) = (Z - н 0 - Н л)-1 
,and Т 0 is 

t he amplitude o f scattering from fixed centers 

Т 0 = v + VG OT 0
• 

(2) 
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Inverting the operator (Z- Н 0 ) in' the basis 1 0> and then 
transforming it t o the basis 1· 11 > , we obtain the free Green 
function · G0(Z) in the form 

G
0

(Z) 
k 2 -1 

- k I11 ' > (Z -т е ---) < 11 1. 
1'/'1/е 2,;.е 

The sum over е forтally includes summa tion over fo ur indices 
тl , '2 , т з , ттт , but the total-i sospin third coтponent т = 

= т1 + '2 + 'з + т тт is conserved . Therefore there are onl y three 
independent indices, f or ехатрlе , т1 , (; , т тт • Values of те 
and ll e depend only on т and т тт. Hence м 11 , 11 тау Ье summed over 
т1 and т2. As,.- one can easily see , this iтplies 

ттт ~ 
к, = "" 

1111 т1т 2 

е I 'т I т 
М,= о, о , о, С С 

1'/11 т т t 12 t 12 t t t,т-ттт , tттттт t · ,т-ттт,tттттт 

' 
So, the operator 'G0 is diagonal in trte quantuт nuтbers t

12
, 

t, т of the state l11 >. Ther e r eтains only the suт over т тт 
instead of the е 

k2 -1 ттт 'G (Z) = ~ L I 7J'> ( Z -т - ) к, <11 1. (3) 
о 11 ' 11 т тттт 

2,;. т т 11 11 
тт 

тт 

i.e., 'G0 is а linear coтb ination of the following propagators 

тт 3 k 2 -1 
'G 0 тт (Z) = [ Z - т о - t;.. тт 1 т тт 1 - С. N( 2 - т_ + т тт ) - . 2-JL-] 

· тr тт 

(4) 

corresponding t o c har ged (ттт = ±l) and neutral (r тт = О) pions 
in an interтediat e state . 

The nonzero mass difference s t;.. тт and t;.. N break the isotopic 
_inva rianc e of Н. In а sense thi s breaking тау Ь е call ed а ki
neтatica l one because it i s or ig! na ted Ьу the free Hamiltonian , 
and the interaction V is assumed to Ье isotopica lly invariant. 
Both t he free Green function G0 and the aтplitude Ьесоте de 
pend ent on т and nondiagona l in I. However, the тatrix ele
тents of ·а 0 , connecting .._states of dif fe r ent I, are тuch sтal
ler than the di agonal ones . This can Ь е seen if one explici tl y 
writes sum (3) . The d i agona l e leтent s have the forт 

а 2 G~· tl (Z) + у2а~·о (Z) ' (5) 

whil e the nondi agonal опеs are proportional to the diff er ence 
G~ · ±I(Z) - G ~ · 0 (Z), and the denoтinators of G~· ±I and G~·0 

are c lo se t o eac h o tl1er due to sтall nes s of t;..тт and t;.. N with 
r espec t to т 0 • 
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Having in mind this fact, let us assume the total isospin I 
to Ье conserved that significantly- siтplifies the calculation. 
Then the isotopic-invariance breaking is to Ье found only as 
the charge asymmetry, i.e., the dependence of the amplitude 
on r. 

The total energy Z for scattering of pions froт 3 Н and 3 Не 
is ~alculated Ьу using the quantum numbers т and ~ of the 
• • " тr 
~ncom~ng channel state as 

3 -
z".Ek. +Ш0 +1:!. jr 1 +I:!.N(- -~)+l1;c, 

ID 1Т 1Т 2 ~ 

where Е kin is the kinetic energy, ~ "'r - r 11 is the third com
ponent of the nuc1eus isospin, and -l1; 1; 2 = 7. 718 MeV and 
- [1;-1 / 2 = 8. 482 MeV are the binding energies of 3 Не and 3 Н. 

Setting into (4) the energy Z, corresponding to incoming 
channels rr+ Зне , 17+ зн, тт- 3 Не , тт- 3 Н we see that G0(Z) 
has no poles in the region k t;; [О, оо), .if Е kin is less than 
1.815 MeV, 2.579 MeV, 4.401 MeV , and 5.1б5 MeV, respectively. 

Therefore in the scattering-length calculation (when Ekin= О) 
eq. (2) has pure real solutions, i.e., in the fixed-scatterer
approximation rт(ЗN) lengths have no imaginary parts caused 
Ьу the charge-exchange processes, since the energy release of 
them is less than the (ЗN)-binding energy. 

То solve eq.(1), we approximate the nu~lear Hamiltonian Ьу 
а finite-rank operator / 17/ -

( 2) ' 1: 
Н А .. Н А = l {9 ~ IX ~ ф ~ > < )( ~ ф~ 1 , (б) 

where l x~ > are the ful1y antisymmetrized spin-isospin functions 
of' the nuclei 3 Не (~ ~ 1/ 2) and 3 Н (~ = - 1/ 2) , and I Ф ~ > are the 
corresponding symmetric space S -componerits. 

As is pointed out in ref. 1181,a sufficient condition of appli
cability of such an approximation is the absence of open n~c
leus- breakup channels at а given collision energy. For the three
nucleon nuclei lowest breakup thresholds are 

q+ ( 3 Не ... р + d) 1 [1; 1/ 2 1 1 [1; d 1 ~ 6.257 MeV, 

ссзн ... n+d)- 1[1;_112 1 1 [1; d 1 .. 5.493 MeV. 

In the charge-exchange processes тт- 3 Не .. 17° 3Н and rт+ 3Н -+ 17°-3Не 
due to the mass differences of the particles and nuclei, energy 
Q_ = 4.081 MeV and Q+ = 5. 139 MeV is relea~ed. All tbe other 
charge-exchange channels get an absorption of energy. Hence, 
if the kinetic energy Ek. < (q - Q ) = 1. 118 MeV, then all 

ID + t breakup channels are 'closed for al the rт(ЗN) ... ~ЗN) processes. 
Thereby, for our calculation of the scattering lengths approxi
mation (б) is quite applicaЬle. 
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То simplify the calculations, we assume the space components 
of the nuclear functions to Ье eg_ual to each other I Ф1 ;r = I Ф_l /Z " 
As ф we choose the function of 3Н or 3 Не in accordance to 
what target pion is scattered from. 

Physical amplitudes of the processes 11(ЗN) ... 11(3N) are the 
T~operator matrix-elements of the form 
... ... 

< k',Ф~, x~,r; I T(Z) I k,Ф~x~r 11 > , 

where lxe > is а direct product 
tion witn

11
three-particle isospin 

~unction with the third component 
nucleus momentum. 

of а nucleus spin-isospin func
t = 1/2 and а pion isospin-

,.... . . . 
r 11 , k 1s the relat1ve p1on-

From (1) and (б) we obtain for these 
following set of integral equations 

matrix elements the 

,< Фехеr; IT(Z) IФ~ x~r11 > = < Фех~,r; 1 T 0(Z) I Ф~ х~т 11 > + 

+ ~ &,~ < Ф~ х~ т' I T 0 (Z) I Ф · х r" >'Oro,r-e' (Z) 'G 1o'r-{" cz-:&~ .. ,)* ,, , , ё'' /:'' ,. 
~''т'' . тr с:, с:, тr 

11 

< Фе, x~"r; I T(Z) I Ф~x~r 11 >. 

Performing а transformation to the isotopic basis 177 > and 
again retaining only the matrix elements diagonal in the t _otal 
isospin, we obtain for the S -wave amplitude the one-dimensio
nal integral equation 

<k' IT1'(Z) Ik> = < k' l тolr(Z) I k > + 

+ - 1-.r dk"k" -2 < k' l тolт (Z) Ik" > R1'(Z)<k" IT 1r (Z) Ik> , 
211 2 о 

(7) 

where the bar denotes the average over the nucleon coordinates, 
and 

Rlr (Z) = ~ &, ,0 r ,r-~ (Z) ,0 r ,r-~ 
. ~ ~ о о 

1 r • ) 2 
(Z - '&, ~) [ С~~, 1 r - ~ 

In contrast with eq. (2), the kernel of eq. (7). for 11+ 3н -
and 11- 3 Не scattering has а pole at k 2/(21L ~ o ) = Q + + Ek. i n 
and k 2/ (2/L IL 0 ) = Q + Е,_. , because it conta.ins the free pro-

- 7Z - к.ln 

paga tor taken а t energy (Z - &, Е ) . 
Presence of the pole even tor Ek.in =·о gives rise t o imagi

nary parts of 11 + 3н and 11- зне scattering lengths. The physi
cal cause of them consist s in the mass differences which gene
rate t he energy release of the charge-exchange processes. 
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We assume 11N interactio~ to Ье isotopically invariant and 
to Ье described Ьу а separaЬle S -wave potential acting in the 
channels S 11 (n = 1) and S 31 (n = 3) of the form 

Vn (k'; k) = An / (k' 2 + 13~) / (k 2 +13~). (8) 

The use of а separaЬle 11N potential enaЬles us to soive eq.(2) 
analytically, i . e., to obtain а complete sum of series of the 
pion multiple scattering from fixed nucleons . 

The method of solving eq. (2) is in detail described in pa
per / 19/ . 

&quation (7), containing, ·as an inhomo~eneous term, а solu
tion of eq.(2) averaged over а nuclear wave-f unction, allows 
us to some extent to take into account the Fermi-motion of the 
nucleons. 

As wave-functions ф~ we use the functio ns of Irving / 20 /,re
producing the experimental values of mean square radii of 3 Н 

3 and Не, namely, 1.70 fm and 1.88 fm. 

3. RESULTS 

The results of our calculation are represented in taЬles 1,2 
and in figures 1-б : · . 

ТаЬlе 1 contains the complex l engths of 11 ± 3не, 11± 3 н -scat
teririg calculated for dif f erent values of the range-parameter 
13 = 131 = l33 of the 11N potential (8), with the depth-parameters 
"\ 1 and "\ 3 being taken as 

211 4 • -1 
Л = - а 13 (l - а 13 / 2) 

n IL 11N n n n n ' 
(9) 

which enaЬles us to reproduce the experimental 11N lengths / 21 / 

а 1 = -о. 25 7 fm, а 3 = 0.154 fm. 

Here the reduced pion-nucleon mass IL 11N is calculated for 
the douЬlet and quartet states as а weighted average 

1 [С t11if11N ) 2 11N 
lr ~r IL, r 11 N 11 N 

ll11N ~ 

r 11 r N r 11N 2t11N + l 

(10) 

For comparison, in ~he fouth column of ТаЬlе 1 there are placed 
the corresponding values А of 11- 3 Не lengths calculated in the · 
equal-masses case. As а particle mass in this case we take their 
values averaged ove·r the multiplets. 

The results of ТаЬlе 1 are graphically shown in figs.l and 2. 
I n f i g.l there are shown the lengths for the douЬlet and quar-
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Table 1 

j) А (.,;+~Не) • А (х- 3Не)·1 о" А <~-:iне.) • Д($-•Н)· А (1ir ~H)·rv'! 

fm-1 •104 fm fm '1 о4 fm •10~ fm fm 

0.1 2108 -896 - 1 2 -884 2109 -897 - 1 3 

0.3 2165 -888 - 115 -715 2166 -892 - i31 

0.5 2219 -727 - i20 -599 2219 -731 - i 43 

1.0 2365 -496 .- 121 -347 2357 -507 - i47 

1.5 2524 -238- i19 - 83 2508 -256 - i43 

2.0 , 2695 31 - i18 191 2671 87 - i39 

2.5 2877 304 - 117 474 2844 277 - 138 

3.0 3068 577 - i17 763 3026 548 - 138 

3.5 3269 852 - i19 1059 3218 819 - i40 

4.0 3482 1129 - i21 1364 3421 1093 - i 44 

4.5 3708 1411 - i24 1682 3636 1370 - 151 

5.0 3948 1698 - 128 2014 3854 1654 - i59 

5.5 4207 1999 - 133 2387 4110 1953 - 172 

1 

6.0 4486 2314 - 139 2758 4400 2252 - i 83 

8 
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ТаЫе 2 

.1t'M а:: А (:r• 3Не)-1d' A(.i)He)·10~ д (.w-jН<) • A(i"3IO· A(1i '~" 1 H)·trfl a11,t. 

fm fm fm fm 10fm ·10-fm fm 

-0.257 , 0.126 2239 -179 - i15 -56 2215 -206 - 134 

-0.240 0.130 2410 82 - i14 209 2384 58 - i31 

-0.264 0.148 2869 353 - i17 522 28)3 324 - i37 

-0.257 0.154 3068 577 - i18 163 3026 548 - i38 

(/rn) 

0.'1 

0.2 

-'f 

0.01 >?<' ~ 1 

о ]3( /т-~) 5 

Fig . l 

-8 г (10.'!1 /т) 

о 1. J (/m-f) 5 

Fig . 2 . 
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tet states with the total-isospin third component r = -1/2 
and the corresponding physical тт- зне length. А more significant 
role of the mass differerices in the state with 1 = 3/2 is ex
plained Ьу the fact that for the quartet case in formula (5) 
а2 = 1/3, у2= ~/3, while for I = 1/2 we have а 2= 2/3, у2 = 
= 1/3, i.e., "in the quartet state the weight of intermediate 
charge-exchange states is greater than that for the douЬlet one. 

As one sees in fig.2, \ImA(тr- 3Не) \ < \ImA(тr+ 3 Н) \ for all {3 
that correctly reflects the energy-release inequality Q _< Q+. 

In ТаЬlе 2 there are displayed the lengths calculated for 
{3 1 = {3 3 = 3 fm-1 and four different experimental sets of тrN 
lengths 121 -241. The fifth column of ·this taЬle contains the 
lengths А calculated without inclusion of the mass differences. 

Varying тrN lengths in the intervals of their experimental 
uncertainties, we explore the sensitivity of the тr 3 Не length 
to changes of тrN-potential depth. In figs.3 and 4 there are 
shown (at {3 1 =/3з = 3 fm ... 1 ) the dependence of ReA(тr- зне) 
on the douЬlet and quartet тrN lengths. The parallel lines cor
respond to different ·values of fixed аз and а 1 , 

Because of the use, Ьу many authors of the zero-range тrN 

potential in pion-nucleus scattering-length calculations we 
investigate the sensitivity of the тт-3Helengths to variations 
of the relation between the nucleus-size and тrN potent ~al 
r ange. 

In figs.5 and б there are plotted the real and imaginary 
parts of the тт- 3 не length as functions of the mean square ra
dius of 3 Не. The calculations were performed for three values 
of {3 = 1 ,3,5 fm - 1 and one set of тrN lengths (10). 

If the range of forces acting between а projectile and а tar
get-particle is much longer than the target-size, then it is 
intuitively clear that the total amplitude is an additive sum 
of the elementary ones, i.e., the impulse approximation i s re
liaЬle in that ~ase. And, as one can see in fig.5, in our case 
in the limit <r > ... о the iт- 3 Не lengths indeed is just equal 
to the impulse approximation value (4а 1 + Ба 3 ) / 3 = -0.086 fm. 
For small {3 (when the range of тrN forces is long) the diffe
rence from th~impulse approximation is not very large even if 
we increase <r 2 > almost up to its physical value. If we de
crease тrN -potential range (1/ {3) , then rescattering effects 
become essential even for small <f2 > . In the limit <f2 > ... оо 
all the curves ' in figs.5,6, as is to Ье expected, go together 
because the potentials do not overlap with each other and their 
ranges are not substantial. 

The large difference from the impulse approximation at the 
physical value <;2> 1/ 2 = 1 .8_8 fm and 1/ /3 s 1/3 fm means that 
in low-energy тr~ 3He-scattering proЬlems the multiple-scattering 
series might poorly converge both for realistic ({3 _ 3 fm-1 ) 
and especially for zero-range тrN potentials. 

10 
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Re А (7Г 3 Не) r !м) 
а 3~ r /in) 

2 0.15 

О.1Ч 

0.13 

О.Оо/ 

Re А (те 3 Не) ({т) 
-а~(/т) 

:2. О.2Ч 
0.25 
0,26 
0.21 

0.001 ,< /' /' >" 1 

-0.2'1 

0.12 

J=Э.Iт-1 

ау2 (/т) -0.2'1 

Fig . J 

1 f 1 1 1 1 1 1 8 08
6r • ~ 6 ,~, .1. ) -о. 88 lf -2>'~2 (,т о 1. ('l 

Fig.Б 

J3 = 3./m-1 

0.12 а 312 ( Im) 0.15 

-1. 

-2. 

Fig .4 

Im А f:п-эне) 
(10- 5 /m) 

1 1 

-з.~ · 1.~8-;- ~ , }iz~J(/m) 
Fig .6 

Now it is impossiЬle directly to measure the pion-nucleus 
lengths. Therefore as their experimental values (AexrJ one uses 
the corresponding lengths calculated with measured shifts ~Е 
and widths Г of the S -levels of pionic atoms. As а rule,the 
c,alculation is based on different modifications / 25-271 of the 
Deser formula / 28 / . 

То compare our тт- 3не lengths with the experimental data we 
apply а Deser-formula in the form / 27 / 

11 
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3 2 . iГ 
А ехр =(~Е - iГ/2) /[2(az) (1 - О.О2А) m~ -= к(~Е - 2 ), ( 11) 

''!1~ j '.· ~ ~'"·" 

j ,· 
j ;; 

where z = 2, А= 3 , а= 1/137 , к= 0 . 00 1909838 fm/eV. ~~ ;, 
-i ·.• 

ТаЪlе 3 

ref . 

ехр. 

-АЕ1, 
(e.V) 

~. 
(e.V) 

-А.ч (~-JНe)· f03 

( fm) 

-А (:i"&He) ·1 03 

екр 

(fm) 

- Arot:LO" 
(f m) 

1 +16 /29/ 50_20 89:67 1 (71!7)+1(48!17) 
1 

(95 +31 )+1(85 !64)1 280+171 
-38 -177 

/ i.fJ~ 1 

/30/l 44!5 42!14 (79!9)+i(38:12) (84!9 )+1(40!13) 1171!37 

/ :t-6/ 

/3111 34!4 36!7 (65! 7 )+1 (34!7) 139!22 

/32/l 27!5 1 65!12l(48!9 )+i (58!11) 
' 

1 (52!9)+i(62!11) 1187!33 

1 :7..6/ 

1 
1 14J /27/1 35 . 46 1 36 . 68 1 67+i35 j 

' 
j 

• 
ТаЫе 3 contains experi~ntal data for IS-level of "-знеаtоm 

obtained in the works 129 -3 2/ ancl also the values А ехр calculated 
with these data Ьу different variants of the Deser-formula / 25-27 / 
(the fourth column) and those we have calculated with formula 
(11) (the fifth column). The last column of ТаЬlе 3 contains fl 
the lengths Apot obtained Ьу subtraction .of the true pion-ab
sorption contribution off Аехр with the Brueckner formula 

~Е = ~Epot + 1.09Г, (12) 

12 

" j 

' ' 
' ,1 

.)· 

Jj. 

,/ 
' ;".,.__ 

1 

J .~ 

~here ~Epot is the IS-level shift caused Ьу а pure potential 
1nteract1on. 

.. 

Results of our and other potential calculations should Ье 
cornpared jus t wi th. А pot. llowever, forrnula ( 12) has been obtairied 
Ьу Brueckner for "-d atom, and its application to any rnore hea
vier nucl eus is an extrapolation based only on qualitative ar
gurnents. 

At realistic values of the range-pararneter ( f3 _ 3 fm-1 ) our 
"-

3 Не length differs from А pot. This fact may Ье considered as 
an indication for inapplicability of forrnula (12) to "- 3 Не atom. 

As one sees frorn Table 3, different variants of the Deser
forrnu la give essentially different А ехр with the same ~Е 
and Г. This nonuniqueness of the experirnental data trearment 
turns out to Ье rnore explicit, if one compares А ехр of the fi \ st 
line of table 3 with 

А ехр (17 -
3 Не) = - (0.0522 ± 0.0037) + i(0.0345 ± ~:~~:~ ) fm , 

cornputed in ref / 341 with the same ~Е and Г independentl y Ьу 
the direct calculation of the scattering lengths in the frarne
work of the Klein-Gordon equation . 

Thus, as it follows from Table 3, the experimental value 
of the 17- 3Не length is known with а great uncertainty, which 
covers the interval 

3 [ ' .ReA exp(17- Не) <;; -0.126, -0.039] fm, 

ImA (17- 3 Не) <;; [-0.149,-0.021] fm. 
ехр 

The theoretical value of this length obtained in rnultiple scat
tering theory / 35• 26 / , Ьу the rnethod of strongly coupled chan
nels / 36·37/ ,by the coupling cohstant evolution method / 38/ ,and Ьу 
the fixed scatterer appr oximation / 39/ ,is also contained in the 
wide interval А~ (17-3Не) <;; [-0.097, 0.003] fm. Such significant 
variations rnay Ье explained Ьу the use of different 17N poten
tial pararneters which cannot Ье uniquely deduced from the avai
lable 17N data, and Ьу many approximations employed in the dif
ferent papers. 

Thus, in ref./ 35/ ther~ are taken into account only single 
and doubl e s catter ing terms of the multiple series . The author 
of ' paper / 26 / in the frarnework of the fixed scatterer approxirna
tion includes also the triple term, but he uses zero-range 17N 
forces. I~ works 136-39 / there are unsati sfac tory neglected all 
intermediate 173N -sta tes with the total isospin of (ЗN)-subsys
tem being inequal to 1/2. Moreover in ref. / 39 / the midpoint 
theorem is us ed to compute the integral in averaging the fixed
cent er-scattering amplitude over the nuclear wave function; and 
their results strongly depend on the choice of the midpoint. 
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·As has been already noted in this work we have а complete · 
sum of all the terms of pion multiple scattering from the fixed 
nucleons and take into account all possiЬle "3N isotopic states 
and to some extent the Fermi motion of nucleons. Therefore our 
calculation seems to Ье at present the most correct theoretical 
estimation of the "(3N) lengths. 

Takin~ into consideration the mass differences of the par
ticles and nuclei enaЬles us to calculate in а consistent way 
the imaginary parts of "-3Не and "+~ scattering lengths· cau
sed. Ьу the charge-exchange processes and to obtain the corres
ponding partial width of IS-state of "- 3 Не atom 

Г =- _g_ ImA("- з_Не). 
ch, ех к 

То summarize our results, we say the following. The ~3N) 
scattering lengths strongly depend on "N potential parameters. 
The multiple scattering series for low energy ·"(3N) scatterin8 
seems . to poorly cobverge. The Brueckner formula is presumaЬly 
inapplicaЬle to "- 3не atom. The mass differences of the par
ticles and nuclei give rise to imaginary parts of the "-3не and 
"+ 3н lengths, namely ~lo-3 fm, which is Ьу one order greater 
than the corresponding effect in "d scattering. Taking ·into 
consideration the mass differences substantially changes real 
parts of "- 3 Не and "+ 3Н scattering lengths. For some values of 
the "N potential parameters these changes are greater than 100%. 
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В Об'Ъединенном институте ядерных исследований начал 

выходить сборник "Hpamкue сообщения ОИЯИ" . В нем 
будут nомещаться статьи, содержащие оригинальные научные, 
научно-технические, м~тодические и nрикладные результаты, 

требуiОЩие срочной публикации. Будучи частью "Сообщений 
ОИЯИ" , статьи, вошедшие в сборник, имеют, как и другие 

издания ОИЯИ, статус официальных nубликаций. 

Сборник "Краткие сообщения ОИЯИ11 будет выходить 

ре гул·ярно. 

The Joint Institute for Nuclear Research begins · puЫi
shing а collection ·of papers entitled JINR Rapid Communi
cations which is а section of the JINR Communications · 
and is intended for the accelerated puЫication of impor
tant results on the following ~ubjec ts: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics . 
Experimental t echniques and methods . 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 
Being а part of the JINR Communications, the articles 

of new collection like al1 other _ puЫications of 
the Joi nt Institute fo r Nuclear Research have the status 
of off icial puЬli caticns. 

JINR Rapid Communications will Ье issued regularly. 
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