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Pion - nuc l eus interact10n provides new pos s ibilities for study

ing charge symmetry breaking (C3 B ) effects owinG to the existence of 

t wo pions of opposite charge s . 

One interes t ing conse quence of the dif f erence between the u-

and d-quurk mHs sea 1 s tl1!lt there must exist <.1 clifIerence between the 
pure hudroni c croa a sect ions of IT + and rr - scatte r i nG on nucle i with 

zero iaoopin. Th e ..uthors of r ef s. /l -·t/ c l aim to hnve disc overed 

such II ollurt,;c symmetry bre a king effect in 7f:!d, ,JHe, J II elas tic s ca t t eT

:Lng. Th, ub~ r~l:'v ~d difference betwe en tll e Cou l omb correc ted cr os s 
oect iollD of 'if" ond rt"- nuclei s ca t t ering We re interpreted as a TIlllni

fe a t n tion of dif f erent mass e s and wi dths of th e D,; - isobar stu t es 
e:xcited in 7r ~ and . 7{ - - nu cl ei s ca t tering / 1- 3/ . 

Obtained est i mate s of the splittings of the ~I,s tates ure in 

su i t a b l e a greement wi th pre dict i ons of the model s which take int o 

uc count the differen t quark comp osi t i on of ~ll-res onances / 51. Never

tbeless, there r emain s ome dou bt s concerning t he conclusion on c3B/6. 7~ 
These doubts arise from the f uc t t hat for any firm conclusion 

about eSB one mus t cfll culate properly not on ly Coulomb corrections 

but the pion - nuclear llmp litude with very hiC;h precision, una t tai n

a ble a t this moment. 30 it wou ld be better to search for CSE as mu ch 
model 1ndependen t e ly way uS possible. The phas e sh i ft analysis (PSA) 

is rather convenien t me t hod for that purpose. It i s easier to per

form PSA of el asti c rr 4He s catter-ine due to u simpl e spin-i sospin 

struc t ure of 4He and a small e r number of f ree para meters needed for 
t be description of J(4rre !]catter ing as compare d wi th 7T 12C or 9[160_ 

acuttering b ecause only f ew par t i al a mpl itudes take part in yr 4He 
sca t tering. An i nd i cat i on of CSB i n t hat cnsa wi ll be discovering of 
signif i c ant difference between t he pure hadroni c pha ses ext rac ted 
from 71'+ 4 He and 7/- 4 He s cattering. 

The a mplitude of 7T4Ile scattering wao parametri zed as usual : 

1 (cr ) = {(El) + £un, (1)
h'He C ~ .. 

here f ( a) is the Coul omb amp litude where the nonp 01nt choree dilJ t r i 
butioncln 4He and pi on was taken int o a ccoun t as in 18,9/. 

The main dU'f i culty in t he search f or CSE-eff e c ts in PSA is t o 

determine pur e hadronic phns e s hif ts. We us e d the i OTmll..11sm of oppro

~·:imnt c trec ting f or externa l Coul omb correct i oIlB which baa been 
deve l oped in / 10-1 ) ,7/. This appr oach allows a rat her g ood Bimu l tane

ou!:' des cription of Jr + and 'IT-A elastic aca t t e ring both i n the 
CQse of heavy nu cle1/11 -1)/ , and for 'lito! scatt e ring /7 I. 
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1\ (+ ) in theAccording to /10/ the tatal phase shift Ll.t'ot, 
nuclear amplitude f m(G) .~ .. 

... L . ,,"! l L 'tt..... ~ 

.c ( e) ::=~ 2J2.f~l)e1.. LJI e . - 1 ~((", Q) (2 ) 

)<:N k l 2 ' 

is ( j )( i) ..! ~ i r 
1\ S ~a . ,\,.j 1 I.,- ,~ . (3)
Utvt, ' " ,t r.. .~ . l"I.f 

Here (;p~ are the Coulomb pbnBO shlfts fI "'::~ <"'J \\'(€ H ..~:n 1 , );' i6 
, I. I - /./ 

the Coulomb parame t er ~= i.()f/('> ,where IX =1 / 137, r o ~ 
P2 (cos e) are the Legendre polinominls. Phases d'::) and 0~: are 
the reduced phas es wbi ch represent the Coulomb distortion of the

..J<l (t l 

nuclear potential. By i t a physi cal meardng d~ . and 0 R1 correspond/ 2/ ,< ' 

to external Coulomb corrections • d"., and cJ"" are pure hadronic 

phase shifts which lllUs t be equal .for ,,+ and r A scat tering i.f charge 


symmetry exists . 

As was shown in /1/ 


'\" (1) _ ~ ( (. clcJ;;., ~"'..2~( (o:J,:lwiI.f 1 , 
OR,e _lXfk!.dlt. + 2. k 1 

(4 ) 
(t I ; (k)\-d 0",1 co~2 JfI, f ' ";> /H/' 0 [.1 


£.JR.,I , _d. k + :z..k ' 


where 
00 .. t <r 2.~ 

.j Petto>eJ 1;~'L};/f')d~o~ 9WP"J =2/'''42"" KR Jdk.' ~2. (5 )
7r k.2._ I/ l 

o · 1 

here ~ is the reduced mass of y,r4He , q2 a k2+k, 2 - 2kk'c os e, 
~ (q2 ) and fcq2 ) are t he f ormfactors of 4He and of pion. 

H calculate t he den vative s d~r'cI~ and do"., I cIA, f rom (4 )eWe 
in the framework o.f the unitarit y approach to AlA scat tering based 
on the law o.f evolution o.f a system with respect to the coupling 
cons tant (CCE-method)/14/. I n this approach on e can obtain a ,OOd 
descript i on of the low ener gy ~He s catt ering (see Fig. 1) 15/. 

PSA waB done in few steps. At f irst, the p\~e hadr onic phase 

shifts J;;;f and "'H.e were dete rmined by f i t tin8 t he d1.fferential 
cross sections simultaneously for q,r + and r.r- 4He scattering. After 
t hat the a mbi gui t ies ot PSA were analysed. We considered all Barrelet 
type ambigui t i es /16/ by finding the zeros z i of t.(9 ) in the comp
l ex plane z ~ cosB and investiga t ing all possible permutations 
zi ~Zi• O.f the 8 f easible s e ts of phas e shif t s which were analys 
ed only one physical set t urned ou t to be satisfac t ory; the reje cted 

2 

Fig. 1. Angular dependence of the asym
H do". 

metry parameter A(e) in 7I'~ 4He elasticO~ A'~' 
O. 

scattering at a ) 11T = 24 MeV, b) 51 f,leV
0.3 

and c) 75 MeV. Continuous lines repre0.21 
75M"V Bent PSA results, dot-dashed lines re

present the ca lculation in CeE-model 

OA 

0.5 

/15/. The dashed line at 51 MeV corres
ponds to P3A-fi t when S~~£' . t..J~'~ = 00.3 , . 

02 Exper i mental data are from /17-19/.
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Fig.2. Diff erence ~! ~ CJ ~.t - C H,t between pure hadronic phases J".t 
obtained s eparately from::t.~ and1i- 4He differential cross s ec tions 
for 3 and P-waves . On the right-hand side the corresponding diffe

,. 14 # .11 ,) -\ 

rence c1'.f ~ 1/ - 't for inelasticity parametersit= exp(-2 WII,t ) is 
shown. The small crosses at 51 MeV and 75 r,~eV correspond to the pion
hel ium pha se differ enc e induced by mass and width splittinga of the 

6 J3-resonances (fj m = 6 MeV, Ar = 8 MeV) in the P33-wave. 
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Ge ts violated unitarity or had greater ,X 2/ 11Dp than the chosen solu

tion. In Tuble 1 we collect the obt::lined phase s hifts and t he values 

of V t t and :;:--1' In Fig . 1 the angular depen dence of t he asymmet ry 

Pnra!'let~r A(8) ~(dG'"" /d.o.- J7·/d.o.)j(d(lldn + c1G""t/~ll) i a shovm. 
l" )

It must be s tresoed that despi te the foct tha t the magnitude of dR. C 
(>J _ (-' • ., ) , 

and <..)0 1 is not l arl:;e (about 10'," of ON,' I '-"H 0 the role of these 
"'. , , C \," '! I ITI 

phose:J is ro ther i mportun t . If reduced phasen cJ~,( ) u R,( a~e 


"turned off" the qua li ty of t he fi t fa lls droa ti cally and X INDP 

increases 1.5-2 time (see Pig . 1 ) , 


For a rolore de t a iled sea rch for C!3B we performed the PSA for 1T + 
and rr - 4lJe sca ttering du ta 3epur otel.:!. Parametrization of f CN(e) and 

Coulomb corrections (3 ) - (5) we re the sume 00 earlier , ambi guities 

were re-anal ysed for control . Due to l arge errors of the pha se shifts 

at T Ir > 100 Me V (see Table 1) Vie performed C:.m anal y sis only for 
c;ood accuracy 1 0\'1 enerGY dato . 

Fig. 2 ahows the diff erence C" be t ween pure hadromc phaoes 

obtained from rr+ and rr - 4l!e sC :.ltt;ring separa t e l y. It i s c lear 

that no significon t diff e rence exist s . That indicates at the validi ty 

of charge syrrunetry in the energy interval cons idered. 

We estimated the posoible CSB effect in the 'jfZ 4 He phaae shifts 

due to the mass splitting of .6
JJ

-resonances. For that purpose we 

calculated phase shifts of 7T4 He eluatic scattering in the fra mewor k 

of the CCZ-model when the input JrN PJJ-wave was s l i ghtly distort e d 

to imitate t he mass difference of LlJJ-res onances . For imitat ion of 

~;; or Ll j J we alightly shifted the parame ters of the !IIllSS and 
widt h from the s tandard one. The splitting of the isobars was only 

6, m '" 6 MeV by mos s and Llr", 8 HeV by widths. '.!'his proce dure diu not 

di stort the whole energy dependence of P pbase s hifts. It l ed, for
JJ 

example, to such a s mall difference between P phases at 75 !JeV as
JJ

6 P
JJ = 0.J5°. It is instructive that this difference is amplifi ed in 

pion-hel ium sca t tering - the corresponding value in hadronic pha s es 
H) ~I 0 

E I = 0', 1 - J: I grows up to = 0.72 at T '" 75 MeV. (It i sCf 
shown h i Fig. 2 by crosses ). In pr :1nciple, such a dif f erence between 

hadronic p hase s may be det ec ted in the PSA if the di f f erential cr os s 

sections of e lastic scattering will be measu r ed with 1-2~ precisi on. 

It i s i mportant to measure d C'"/c:l .n. in a wide angular intervo.l. 

In conclusion , we have perf or med u simultaneous P!3A of elas tic 

r and rr- 4He s cattering with al lowance for externa l Coul omb cor re c

tions. \'Ie ha ve obtained qui-te a g ood descr i p t ion of the angula r deperl

dence of the asymmetry pa r ameter A(e) . No sien1f icant differen ces be

tween pure hadronic phase shifts deduced sepa rately from y,r+ and ~ 
4He scattering have been found. 
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XaHxacaeB M.X., HHKHTHY ~ .• Cano~HHKOB M.r. 
3~eKThl HapymeHH~ 3ap~gOBOH CHMMeTpHH 
H3 $a3oBoro aHaJIH3a ynpyroro n!-4He-pacce~HH~ 

E4-85-612 

llpH 3HeprH~x nHOHa 20-160 M3B BwnonHeH ~a3oBbrn aHaJIH3 
ynpyroro ~4He-pacce~HH~ c ~enb~ onpeAeneHH~ ~cTo aAPOHHhlX 
$a30BbiX CABHrOB. He 06Hap~eHO HHKaKoro CTaTHCTH'leCKH 3Ha~
MOro pa3nH'lH~ Me~y ~pOHHhlMH $a30Bb!MH CABHraMH H3 n+ 4He-
H n- 4He-pacce~HH~. llpeACTaBneH Ta~Ae ~a30BwH aHanH3 OAHOBpe
MeHHO n+- H IT- 4He-pacce~HH~ C yqeTOM BHemHHX xynOHOBCKHX 
nonpaBoK. llonyqeHo xopowee OnHCaHHe napaMeTpa yrnoBoH aCHM
MeTpHH A(9). 

Pa6oTa BblnonHeHa B ITa6opaTOPHH HAePHbiX npo6neM Ollilli. 

JlpenpHHT 01S1.e~HeHHOro HHCTHTYT& RAeptlhiX HCCneAOBIIHHA, JlyCHa J 985 

Khankhasaev M.Kh., Nichitiu F., Sapozhnikov M.G. E4-85-612 
Charge Symmetry Breaking Effects from Phase Shift 
Analysis of Elastic nt4He Scattering 

A phase shift analysis of elastic ~4He scattering at 
energies 20-160 MeV was performed to determine pure hadronic 
phase shifts. No statistically significant difference between 
the hadronic phase shifts dedu~ed from n+ 4He and n- 4He scat
tering was observed. The results are also presented of a si
multaneous phase shift analysis of both n+ and n- 4He scat
tering with account of external Coulomb corrections. A good 
description of the angular asymmetry parameter A(0) is ob
tained. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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