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L'ow-energy p ton-nucl eu s scattering (below 70 MeV) has 

intensively been studied in recent years both experimentally 

and theoretically [1,2]. In this paper we present the results of 

the analysis of the pion elastic scattering on p-shell nuelei 

such as 12 C and 16 0 in the framewo~k o: unitary scattering theo~y 

(UST) based on the ~irzhnits ~ethod o: ev~lutlon in coupling 

co ns t an t [2-4). ~t is shown that t h e d i f f ere n t La.L cr os s s e c t i on s 

at ene~gies around 50 MeV arlses as a result of a strong lnter

fe~ence between the abso!ption channel and the pure potential ones. 

It makes the scattering data to be very sensitive to the mechanis~ 

of the pion-nucleus ~nteraction. 

~~!:'y'!!~g!~ ;.t present t he r e s an almos t complete set ofí 

data :or the pion seattering 00 12: ~od 160• at energies below 

50 !'deVo 'lbe measured differential eross seetions (mainly w1th ~+) 

cover the energy range 14-50 MeV (5) (see a l s o the review[2). 

Recently [6] accurate measurements of the ls and 2p-energy-level 

shlfts and wldths in the .!J( -atoms of· 1 2C a nd' 16 0 have be en 

perfonned. These data provide the in:formation 0"11 the pion-nucleus 

lnteractlon at the thresho1d. 

We restrict our conslderatlon by scatterlng data below 

50 MeV because 1~ this energy range the parameters of the 

absorptlon cor r e c t í.on defined from the plon-atomic data are 
ap pr ox í.mat.eLy c ons t ant , This nas been established in t4J for the f(

~e scattering and the calculations pcesented he~e confirm 

that co nc Lu s on,í 

Th~Q!..Y. ?e:::er~iYlg f'or the de t a aLs to re:s. [2,4], we outline 

ooly the bas~c e~enents of :~e ~ST-approach. Tbis approach has 

certain advantages over the Jptic~: ~odel. Fi~stly, the 

Ob"})tiiint'líh~n Hm:nrryr,
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consistency theory w1th the unitarity condition provides a 

correct separation of the potential effects from the nonpoten

tial (real absorption) ones. Seoondly, the equations are formu

lated for the calculation of the pion-nucleus phase shifts. It 

makes it possible to search for the dynamics of its formation 

in a straightforward way. Besides, the unitarization method t ake s 

into account higher order corrections, thus leading to a rapidly 

convergent iterative series. 

The general formula for the calculation of the .:Jf- nuele-us 

phase shifts 1s of the fOrm 

(1)J ~!.re5 ;::: Ó pot + .K A •
..7'l'A .7fA
 

r/Jot . .
Here o ~s the pure potential parte A multl~le scattering 
." A por 

-like series for the calculation of d~A in terms of the 

~IV -phase shifts, nuclear form factors and correlation 

functions has been presented in [2]. At low energies (below 

_ 70 MeV) only two terms in the series are sufficient to get 
pot 

a good approximation for 6 • 
~A pot 

In calculating the second order terms for J~A we 

utilize the completeness approx1rnation replacing the nuclear 

excttation energy by a certain mean excitation energy .6 • 'lhis 
pot
 

is the on1y adjustable parameter in the th eory , Unlike /le J xA
 
pot.

the imaginary parts .7.m ~ A depend rather strongly on A 

at low energies. 
~!.r

The ab so r pt í on t erm cS ta.kes into account al L processes 
~A 

involving pure nucleonic intermediate states. Assurning the two-

nucleon mechanism for the piou absorption, one can obtain [2,4J 
qJ.r

the follC7Ning expression for d for nuclei wi th both· zero 
..,.04 

spin and isospin:
 

ti Ar ' A.l I r .... ~..... .7 (2)
cf (x) =A·rA·j)·~'(/" ()/ 04(.c)lB fx) oi- «.«: ~ (K)J'"
''''''A~! Ji; o o 

."~'K .l""'(o (.K),\./ (!"'.I).~"f(k) oi 
"'~)/]A.? !-J!_.I(.K) (2t.,;/)) t= OJ.I~.l) •• _, 

2 

where ~ = ~-<.e)J/t1 , W.... Ls the pion ene r-gy , 11 is the nuc

"'~leon mass , ..P is the partia"J.. wave of the Fouri-er transform .ofe 
.f'~{tt.) ( .9 (-c) is the nuclear dens i ty), the angular transforma",,:, 

tion parameters ..o( and / are': O( =..; E (./ oi- E )-~ and 

/= ,(.I'~ €)-f. Here, we n-eglect the term.s contaí.ní.ng the f'ac t or 

l/A. 

. The complex quantities e: and (o are considered to be 

approximately constant in the low-energy ( O - 59 MeV) r~gion. 

Their values are derived from tlle experiment.al data on the .s: 
nucleus soattering length ( 0''0 ) and volume ( C(f ): 

0'0 exp - 0:°"1: = /> j~.l(o) -80 , /"= A~(A -j)- o- ce) , 
(J) 

,.,,~p __ ,PoE ..:... ,,~ 

v~ -..,~ :: i·! ó· s: ~ /. t; .~ (D) I~J t 

~~ / 2 ~D~
where .J::: (in? ..f'.I' (K)/K ~ K-+ O. The quahtities C7o~ J 

~(Jt 2~L 
are ..caloulated using expression for J : Cft = lún cf~(.v/K :» K .... O~ 

The experimental values for <:10 ~Jt/, are extracted from the 

pion âtom1c data. It should be noted that! the parameters ~ 

and (o include ~ffects caused by thep-otential distortion of 

the pion wa;v e. ',1. 

The low energy .;r -nucleus .sca t t er í ng 13· highly 1nfluenced 

by the Coulomb interacti~n4 rhe Coulomb effects are taken into 

account following the procedure developed in ref.[7]. In refs.fel 
12 16the phase shift anal.ys í s (P5A) for the :J( - C and - '() scattering 

has been carrled out by uslng this procedure. 

~~ê:Ul~~~~ In the calculations of the :J( -nucleus ph as e 

shifts J~-t we us e the .7~phase shifts from ref. f9-1. The para

meters of nuclear forro factors and the correlation functions 

calculated in the shell model are taken from lhe electron 

scattering data Il~J. 
~h

The paraneters Bo and Cc of cfXA are dete~ined from 
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the pion atomic data [6) -by us ng eq, (:0. fi is :fou~d t ha t theseí 

parámeters a-re approximately t he same both f or 12 C and 16 0 : 

B- o = ( - , l )-f ) t'.- ~ (- O.:5S + ~. 0.13)O. () 2-.$', +	 . o. 02 S}I o . ;'A/-6 , 

wher e I" :"5 the pt.on mas s , Practically t he sarae val ue s for 80 

and ê hav e been obtained in [2} (s-ee tabJe' 5 therein ) for theo	 

d;;t we jf 4He scattering. Calculating ão not extract the pole 
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Fig. L	 Compar'1son of the data 15J for .;;(+ ~:~C elastic s cat t er í.ng 

at 14-, },) and 50 MeV. 'l"be dashed curyes represent the 

resu1t of pure potential calpu1ations ( Ó abs ,=0), while 

the soIid lines. include the effect of abs orp t.í.on and 

calculated Vlith ./J ::, 25 ~,:~V. 'fhe dash-do t t ed lines 

correspond to the full calculations with A: 5 MeV. 
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Fig.2.	 Differential cros& sections for ~+ _16 0 at )0 and 50 ~JeV. 

'+'b-e sanee of the curves are the same J.~ in Fig. 1 .< The 

data are from r ers , [5J. 

par t of til e:JtA/ ~.I-wave , :,he dia~r~ analysis of the iterative 

series for (I) shows that the double counting problem does not 

arise in that case. It should be noted that 
'"tq::'f (and hance 

Il~ Bc. and ~~ ê: ) are rather sensitive 'to the ..:rAl phase 

shift data at the thresho1d. Unlike this, the quantitles ~~ ~~ 

and_~~ (o are determined by eq. (5) through the ls and 2p-energy 

leveI widths almost in the mode1 independent way. In calculating 

the differential cross sections the absorptive parameters are 

supposed to be co~stant. 

The only pararnete! which is ~ot still define~ is tce 

nuclear	 mean exci tation, energy Â • 3elow, we shall try t o 

estimate its va l ue from the s ca t t erí ng data. 
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~es~lt~~ ~he calcul~ted d~:fe~ent~a1 cross sections 

of the a " s ca t t e r ng on :'2(; arid 16 0 along wí t h ':he s ca t t e z-í ngí 

àata [5] are pre sente-d ~n :'..,:;s.l and 2. 'l'he di:ference between 

the so11d and dash-dotted 1ines shows the sensitivity to ~ 

the dash-dotted 1ines correspond to ~ = 5 MeV; and the solid 

ones, to ~ = 25 MeV. 'l'he sensitivity to .1 beeomes more pro

nouneed at energies around 50 MeV. The best fit of the data is 

provided by Â = 25 Me V. 'lhe strong effect of the pion absorption 

channe1 can be seen by comparing the solid lines with the dashed 
,	 d&t 

ones describing the pur e potentia1 scattering (6 -::: O). At Lowe r
X A 

energles	 the sensi tlvity to .6" becomes weaker because 

the inela~tleity parameters are formed ~ain1y by the 

absorption ehannel. 

The total cross seetlons C~c (~++~-)/~) at 50 MeV (see 

table 1) are also very sensltlve to .6 Up 

there are no eX}:Jerimenta1 -da t a for <Jto t . 'i1e 

va1ues uslng an lnterpo1ating formula obtalned 

to stHl now 

can estlmate i ts 

in ref.l11] : 

Cf" ~	 250 mb f-or 12C and
't:oi: 

Comparing tnese values with 

appropriate range for .:1 ~ 

• Table 2 shów s a more 

(f. c: 303 mb for 16 0 at 7:. = 50 MeV.
-tc)-t "J( 

those ln tab1e I we flnd out that the 

15-25 MeV. 

detailed pleture of the ;;( .I~_ scatter

lng at 50 MeV wher e the total (~ot ), total elastle (~t ) 

and reaetion t ~ == <r"to~ - rr~t ) eros s se c t í.ons are presented for 

~:. 25 "~V.' The 'result of t ae fu11 cal culat í.on Ls 

given in th~ f'trst column. The seeond and the third co1umns show 
, '	 tS"~ ~ot 

the !"esU1 ts wfth the 5wi tchlng off Ó or cf' , respeetlve
~A -4"..4 

1y. One ean observe that swit~hlng on the absorptlon deereases 

(J"~t twiee. l'he fatal ine1ast ie (rf';",l) and the total 

absorptlon (6"a8s) cross sections are estimàted by ~ ln lhe 

second and third c oLumns , 'U e observe that these values are com

parqb1e. 'r.hus, we con~lude that t~e differentla1 cross se~tlons 

at energles aro une 50 MeV arise as a result o: the strong inter

:erence between the absorptive channe~ and the patent~al anes. 

The same effe ct ls ob served aI se :ar t c e ~ I60_scattering. 

) Tab1e r. Total eross seetion <>'ht:: (<r:oi: + <Ttoi:')1 '- ) m & 
" 

of pion_1 2C and 160 seatterln~ at 50 MeV as ~unetlon of 

~ Me Y , 5 10 15 2O 25 " 3 O 
. ----~-----------------------------------------------------------

12C 288 274 262 250 '240 233 

:~g -1~~ __33g 2lI 222_~ ~~g__~~I~ _ 

12 -	 Tab1e 2.	 The.7é C total ç cr'tot) , total elastic ( <r.e ) and 

reactlon ( ãR. = (f-t,oi - cr~e ) cross sectlons at 50 I;IeV 
, ,,; I- : 

-~-:~-----bPõ~~- 6~bS---~Pot--------~-ab;----------psÃ-tã]--

--~-------------------------------------------~----------------
250 276, 138. . 276Cf tot 
104 215 39 92(? e1 

146 60 99 '174 
__~Jt -_-- -- - -- __-__-_-_--------___ 

Tab1e 3	 Pure hadronie phase shlfts ( Ór) in degrees) and 

ine1astieity parameters (' 7Jt ) for :Jt 12C_e1astie 

seattering at 50 UeV 

___________~~~~ ~ P:~,._!,-_ ó,~~~ ~~_l~ ~_.l:41 _ 
Óo -12.34 -17.19 -17.06 -6.6 

~l 
?o 0.904 0.82	 0.65 0.86 

6J 24.51 14.04 "12.70 '15.5 

7Z j 0.942 0.83	 0.86 0.'8 

6 2 7.96 6.15	 6.50 6.1 

___l~ ~::~:_ ~::~~ ~~:~~-----~::~----
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In table ) we present the pure hadron1c phase sh1fts (Ót) 

and the lnelastic1ty pararneters (fi) for the .:;( _12 C scattering 

at	 50 MeV in comparison w1th the PSA data trom" re~.IâJ(o.Dumb I 

.1rais et aI.) and the results of- the optical model ~alculations 

fram ref. [14]. There 15 a clear contradiction between "the r 
l

?SA data and the optical mpdél rasults. The total' cross sect10ns I 
I. 

co r-re spónd í.ng to the \"PSA data' are shown 1n table 2.	 /f' 

Thus~ it is found that the best description of the scattering 

ti", data .is prov1ded by the me~ ext1tat1onenergy parameter ~ 

= 15 - 25 1,1e TI at the p on energy ,.... 50 UeV. It 15 known, that iníj 
t ae p-shell nuc l e í, (see 2"1 e f [12J) the excitation spectra showe,	 a 

pronounced g1ant resonance structure coneentrated around 20-JO MeV. 

Therefore, it is natural to suppose that the ~ 20 MeV value for 

.l\ reflects the dominant 2"oie of the resonance mechanism in the 

formation of t he pion-nucleus lnelastic1ty parameters•. 'lb.e impor

tance of the virtual nuclear excitat10ns with the iso~pin I = 1 

in the de s czrí.pt í.on of the low-energy pion-nucleus scattering has 

been pointed out in ref. lI}]. 
It is known that in the framework of the opt1cal model 

(see for ex. ret. ll~) the best description of the low-energy 

dáta is achieved with optical potentials calculated in terms of 

the elementary ..rN'- amplitudes thecollis1on energy of which 15 
.. '! . 

sh1fted ,down bJt . - 20 MeV compared to its "two-body" variante 

In [14J snch a shift 1s explained in the framework of the three I 
-boày model Cx « N' -+ " co2"e ") , t hus suggest:'ng the direct 

mechanism of the pion-nucleus interaction. Eaking into ~ccount 

that the applicability of tce three-body model to spin anã isosp1n 

saturated nuclei such as 12 C and 16 0 is quest1onable, the origin \j 
of	 the 20 MeV scale that reflects the resonance mechan1sm of L 

:..'liI
pion-nucleus interaction at low energies seems to be mure adequate. 11' 

In this respect we notice the papel' {15] where the inelastic 
12

pion C scatter1ng at 67.5 MeV has been analysed. It was shown 
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that below )0 MeV excitation energy the ~uclear structure ~ffects 

are very importante The three-body cont1nuum dominates at higher 

energies. In [15] the value 75 ! 25 mb has been obtained for the 

total inelastic cross sect1on. Our estimation of crin~e at 

67.5 MeV is 100 mp, w~ich reasonably reprocuces this value. 

ln eonclusion, it ha s been shown that the UST permits a 

quantitative descr1ption OI the low-energy scattering data of 

pions by light nuelei • The strong 1nfluence o: the absorption 

channel on the elastic soa tter1ng is d emonat r at'ed , The parameters 

of the absorption correction are auproximately the same fo::- 42e, . 
12 C anã 16 0• Tbe constancy of these paramete~s defined from the 

pion atomic data in the energy r-ange O - 5') Me V confirms the 

dominance of the two-nucleon mechan1sm of the ~ion absorption. 

Tll-e differential cross seetions at the pion energ1es around 

5G MeV ar1se as a strong interferenee effect between the absorp

tion channel and the pure potential ones. The sens1tiv1ty e>f 

the eross sections to ~ maltes 1t p:ossible to conclude that 

the resonance mechanism plays an important role 1n the low-energy 

pion.nucleus interaction. 

The authors wish to thank V.B.Belyaev, R.A.Eramzhyan and
 

R.Mach ror stimulat1ng discuss1e>ns and helpful adviee.
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Xanxacaen M.x., CanmKIIUKO-B A.n. E4-87-581 
K AHHBMHKe nHOH-HAepnoro BsaHMoAeAcTBHR 
npH HH3KHX 3HeprHHX 

I1on'Y1'leHO KOnHl.leCTSeHHoe onacaaae namrsrx no pacceaaao 
HU3K03HepreTH~eCKHX nHOHOB (AO 50 MsB) Ha 12c H 160 B paM
Kax YHHTapHoro nOAxoAa, oCHOBaHHoro Ha HcnonhSOBaHHH MeTO
Aa sBonlO~HH no KOHcTaHTe CBHSH. llOKasaHO, l.lTO AnH nHOHOB 
c 3HeprHefi~50 M3B AH~~epeH~HanhHoe Cel.leHHe HBrrHeTCH pesynh
TaTOM cHnhHofi HHTep~epeH~HH KaHana norno~eHHH H l.lHCTO no
TeH~HanhHoro pacceHHHH. pOCY)RAaeTCH ponh H~epHo-CTPYKTYP
HblX 3~~eKTOB B <POpMHpOBaHHH nornroro Cel.leUHH pacceanaa , 

PaOOTa BbInOJlHeHa B flaOopaTopHH TeOpeTHl.leCKOA ~H3HKH 

DIDIM. 

Ilpenpanr 06õe,l1HHeHHOrO HHCTHTyT& anepnsrx Hccne,nOBlUIHR. ,Uy6Ha 1987 

Khankhasayev M.Kh., Sapozhnikov A.P. E4-87-58J 
On the Pion-Nucleus Dynamics at Lo~ Ener~ies 

The low-energy pion scattering (up to 50 MeV) on 1~C 
and 180 is described quantitatively in the framework of 
the UST-approach. It ia shown that at T - 50 MeV the dif
ferential cross sections arise as a resUlt of a strong 
interference between the pure potential and absorption 
channels. The importance of nuclear atructure effects in 
the pion-nucleus dynamics at low energies ie discuRsed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR• 
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