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6enRe8 B.6., 3y6ape8 A.n., PaxHM08 A. 

Pac4eT HH3K03HepreTH4eCKHX xapaKTepHCTHK 
pacceRHHR nHOH08 Ha RApax 3He H 4He 

P4 - 12793 

Ha OCH08e MeTOAa CHnbHOH C8R3H KaHano8, nepe~opMynHp0-
8aHHOro npH noMO~H 8apHa~HOHHoro npHH~Hna W8HHrepa, nony4eH~ 

AnHHbl pacceRHHfl H ~a3bl npH HH3KHX 3HeprHRX I E77 s; 28 M3B/ 
8 npo~eccax ynpy roro 83aHMOAeH CT 8HR m10H08 C RAPaMH 3 He H 
4
He. B pac4eTax Hcnonb308anHCb rrN -noTeH~Hanbl, cooT8eT

CT8Y~He TpeM Cy~eCT8yiO~HM Ha6opaM 3KCnepHMeHTanbH~X AaHHbiX 
no rrN -pacceRHHIO. HaHaeHa aonR 8KnaAa 8 AnHHbl pacceRHHR npo 
~eCC08 8HpTyanbHOrO nepeXOAa RAepHOH CHCTe~ B Henpep~8H~H 

cneKTp. 0Ka3anocb, 4TO npH oT6pac~8aHHH 3THX npo~ecco8 AnHHa 
pacceRHHR 77-

4He MeHReTCR Ha 48%, rr+ 3He- Ha 30 % H rr- 3He- Ha 
300%. 

Pa6oTa 8~nonHeHa B na6opaTOPHH TeopeTH4eCKOH ~H3HKH 
OH~H. 

npenpHHT 06'&9llHH9HHOrO HHCTHTyTa Rll&pHblX HCCn91lOB8HHAo Lly6Ha 1979 
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Calculation of the Low-Ener~y Characteristics of 
Pion Scattering on 3He and · He Nuclei 

Within the strong coupled channel method, reformulated 
by means of the Schwinger variational principle the phase 
shifts and scattering lengths were calculated for the 'elas
tic scattering of pions by the nuclei 3He and 4He. 

In the calculations the rrN potentials corresponding to 
the three existing sets of the experimental data were used. 

The contribution to the scattering lengths from virtual 
trans i tions into the continuum spectrum of the nuclear sys
tem was estimated. Neglecting such transitions changes the 
scattering lengths in the following manner: rr-4He by 48%, 
~~'+3He by 30% and rr-3He by an order of three. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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B nocneaHHe I"Ollhi HaMeTHJICSI 3HB'iHTeJibHhiH npoPpecc 

B npHMeHeHHH TeOpHH M8JlOHyKJIOHHhlX CH C TeM npH peweHHH 

38.[l8'i llHOH-SI.[lepHOH ¢H3HKH / 1/. 06parueHHe K CTpOI"HM Me

TO.[l8M 9TOH TeOpHH ll03BOJISieT c¢opMy11HpOB8Tb npo6neMy 

HCXO.[lSI H3 "nepBbiX npHHUHllOB", T.e. H3 38.1l8HHbiX 77N- H 

NN -noTeHuHanoa. IlpH aToM Bee eme npHxoaHTCSI ocTaaaTb

CSI B paMK8X llOTeHUH8JlbHOH MO.[leJIH, HeCMOTpSI H8 TO, 'iTO 

B38HMO.[leHCTBHe 77 -Me30H8 C Sl.[lepHOH CHCTeMOH B npHHUHlle 

aomKHo onHC hiBBTbCSI MeToaaMH TeopHH nonH. OaaaKo 

aaech B03HHKaeT pHa aonpocoa: KBKHe HMeHHO HaepHbie 

CHCTeMbi, llpH K8KHX 9Hepi"HSIX H ' nepeaaHHbiX HMllYJlhC8X 

llHOH8 CJieayeT paCCM8TpHB8Th C ll03HUHH 9THX Me

TO.[loa? B KaKoii: Mepe TaKoii: noaxoa aeo6xoaHM c 

TO'iKH apeHHSI KOJlH'ieCTBeHHOI"O COI"Jl8CHSI TeopeTH'ieCKHX H 

H3MepS1eMbiX BeJlH'iHH? flpe.[lCT8BJISieTCSI, 'iTO OTBeTHTh H8 

9TH BOllpOCb! MO.>KHO, pa¢HHHPYSI HMeHHO TeXHHKY llOTeHUH-

8JlhHOI"O OllHC8HHSI H Cp8BHHB8SI pe3yJihT8Thl C 9KCnepHMeH

TOM. 

0nHC8HHID ynpyPOI"O pacCeSIHHSI llHOHOB Ha H30TOll8X I"e

JlHSI llpH HH3KHX 9Hep~HSIX llOCBIDUeHO .1l8HHOe C006IUeHHe. 

Cpaay aaMeTHM, 'iTO ao CHX nop a JIHTepaType oTcyTCTBYIDT 

pa60Thi, B KOTOpb!X 6biJlH 6hi HCllOJlh30B8Hhi HHTei"p811hHhie 

ypaaaeHHSI THna ct>aaaeeaa-.HKy6oacKoPo
121 

, npHMeHH.Mhie 

K CHCTeMaM 77-
3He H 77- 4He • B K8'ieCTBe ypaaHeHHH llBH.>Ke

HHSI H8MH 6yayT HCllOJlb30B8ThCSI ypaaHeHHSI MeTO.[l8 CHJlhHOH 

CBSI3H K8H8JIOB, nepe<fJopMyJIHpOBBHHhie Ha OCHOBe B8pH8UHOH

HOI"O npHHUHll8 lliBHHI"epa/3/ • 

Ba.>Kaoii: oco6eHHOCThiD 9THX ypaaHeHHH SIBJISieTCSI B03MO.>K

HOC!h npH6JlH.>KeHHOI"O y'ieTa C HX llOMOIUhiD BKJ18.[l8 B ynpy

I"Oe pacceSIHHe npoueccoa aupTyanbHOI"O nepexoaa Haepaoii: 

3 



CHCTeMbl B COCTOSIHHe HenpepbiBHOrO cneKTpa. IlpHMeHHMOCTh 

9THX ypaBHeHHH B o6naCTH /lOCT8TOqHo HH3KHX 9HeprHH 

llHOH8 (E17 :SifcBl>, KBK H3BeCTH0
141

, OCHOBbiB8eTCSI H8 

9KBHB81leHTHOCTH B8pH8UHOHHOrO npHHUHll8 lliBHHrepa /l1ISI 

t -MaTpHUbl MeTO/lY KOHeqHOMepHOH annpOKCHM8UHH 1T -SJnep

HOrO llOTeHUH81l8 B npOCTp8HCTBe Sl/lepHbiX ,IlepeMeHHbiXo 

IlocnenHSISI ~e annpOKCHM8UHSI SIB1ISieTCSI CnpaBe/l1IHBOH npH 

9HeprHSIX llHOHa, He npeBbllll8IOIUHX 61IH~8Hll1ero nopora 
3 4 

paaaana B Hnpe He H1IH He , nocK01lhKY npH 9THX 9Hep-

rHSIX B01IHOB8SI ~yHKUHSI BCeH CHCTeMbl 11 -Sinpa 6yneT 

KB8/lp8THqHO-HHTerpHpyeMOH llO Sl/lepHbiM nepeMeHHbiM, H 

ll09TOMY SJnepHbiH raMH1lhTOHH8H 6yneT Bll011He HenpepbiB

HbiM on epa TOpOMo 

OTcyTCTBHe B 9TOM MeTone npHHUHllHa1lhHbiX orpaHHqe

HHH H8 qHC110 qaCTHU B MHWeHH 03HaqaeT, no-BH/lHMOMy, 

qTo, c ToqKH apeHHSI noTeHUH81lbHoro nonxona, npH HH3-

KOH 9HeprHH llHOHOB Mbl BCerna HMeeM npocTyiO /lHH8MHqeC

KYIO CHCTeMy C 0/lHOH CTeneHhiO CB060/lhl. 

VI TBK, paCCMOTpHM nepBOe ypaBHeHHe CHCTeMbi /l1ISI B01IHOBOH 
/3/ 

~yHKUHH OTHOCHTe1lbHOrO /lBH~eHHSI 11 -Me30H8 H MP8 : 

7 -1 -1 
v 

11
1 F > = v 11 1 K > +I v 

11 
[ (E - h 0 + E 1 + i d - ( E- h 0 +if) ]V 1 t 

-1 
+<1\V(E-h

0
+id V\l)l\F>. 

(1) 

A 
3nech V = I V N , E - nonHaSI 9HeprHSI CHCTeMhi, E 1-

1=1 1T i 

- 9HeprHSI OCHOBHOrO COCTOSIHHSI Sl/lpa, ho- onepaTOp KH

HeTHqeCKOH 9HeprHH OTHOCHTe1lbHOrO /lBH~eHHSI llHOHa H 

ueHTpa TSI~eCTH Sl/lpa, k - OTHOCHTe1lbHbiH HMllY1lhC 11 -Sinep

HOH CHCTeMbi, 11 >- B01IHOB8SI ~yHKUHSI OCHOBHOrO COCTOSIHHSI 

Hnpa. 3 4 
DnH onHCBHHSI ocHOBHoro cocTOSIHHSI SJnep He H He 

/l1ISI panHa1lhHOH qaCTH 6yneM HCll01lb30B8Tb npocTyiO 0/lHD

qacTHqHyiO ~yHKUHIO BH/l8 

-+ -> A -> -> ?. 2 1/1 ( r 1 ••••• r A ) = IT r.jl. ( r. ) ; r.jJ. (r. ) = exp (-a- r. ) • 
i= 1 1 1 1 1 1 

napaMeTpbl KOTOpOH Bbi6paHbl T8KHM o6pa30M /5/, "'ITO 91leK-

TpHqeCKHe ~OpM~8KTOpbl SJnep 3 He H 
4He BOCllpOH3BO/lSITCSI 

Bll110Tb /lO min, T.e. q 2 - 10 cl>M-
2

• 11N-noTeHUH81lbl 

Bhl6Hp81IHCb B BH/le 

4 

• 

112 pl/2 312 p 3/2 v = v + v 
11Ni i i 

l.rrN 
V t11N (k,k') =- A g ~N (k)g t11N (k') • 

211 2p 
11N 

(2) 

t11N p - npoeKUHOHHhlH onepaTop Ha COCTOSIHHe C H30CllHHOM 

t11N 

VI cxonSI H3 HaoronHqecKoii crpyKTypbi noTeHuRana (2), 
CBO/lHM OTneneHHe H30CllHHOBhlX nepeMeHHhlX K BhlqHC1leHHIO 

M8TpHqHhlX 91leMeHTOB BH/l8 

<cf> I p ~N 1¢ > 
a a a • 

cp - 8HTHCHMMeTpHqHaSI CllHH-H30CllHHOB8SI ~YHKUHSI Sl/lpa. a 
B Hnpax renHSI 9TH MaTpHqHhie 91leMeHTbi OKaaanRcb paBHbi-

MH: 

c 3 / 2 < ¢ I P 3 / 2 I¢ > = 'L 
a a 9 

c < ¢ I P 3 / 2 I¢ > = _g_ 
a a 3 

/l1ISI 

/l1ISI 

3
He , 

4 
He, 

112 
M8TpHqHbie 91leMeHTb! onepaTOpa p H8XO/lSITCSI H3 COOTHo-

llleHHSI p 112 + p 3 / 2 = 1. 
BMecTo ypaaHeHHSI (1) yno6Ho peUiaTb ypaaHeHHe nnH 

BCllOMOraTe1lhHOH ~YHKUHH r.jJ c+, (k): 
k 

r.jfk, (k)=dc 1g(k)S(q2)+Ac~d f g 2(p')[G(E-E 1,p')-G(E 1p')lx 

xS ( q i )r.jl k' cP') dp' + c 3 (A~1)~ f g 2(p ") G (E 1 p ") x ( 3) 

xS[(y'(A-2) q 1)
2]r.jllt, cP')dp', 

rne 

... ... ... -> .,+ (A 1) ... ' ... 
q1=k-p';q=k-k';p"= - p +k 

A 

-1 2,. 
d =Cl-c2Jg ~p)G(E,p)dp; 
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C1=I ct,\t· 
t 0 • 

c 
2 

= ~ c t(,\ t
0

)2 . 
t • 

t, t, 
c = < ¢ I P. t, P . t I ¢a > ; i ;i j 

a 1 J 

S (q 
2

) - ¢opM¢aKTop smpa. 

c
3 

= ~ c t,t 
t, t, 

\ t ,\t' 
/\0 0 

t77N 
t ,\ 

,\ 0 =- - .n 

8Ta tPYHKUnSI CBSI38H8 C HCXOaHOR BOnHOBOR tPYHKUHeR cne
ayrownM COOTHOJlleHneM: 

!/! _.., (k) = f dp'g(p')F_., (i}')S(q 
1
2 ). 

k k 
t4) 

.fing aMnnHTyahi pacceSIHHSI H3 onpeaeneHnSI f =- ..!:.._<kiV 1 ~F> 277 
HMeeM 

ll . 
f(k,k')=- -g(k)t/i-+ (k)c 1 . 

277 k, (5) 

flpn nony'leHnH ypaBHeHnSI (3) Mbl BOCnonb30B8nHCb TeM 
ynpowaJOlllHM o6cTOSITenbCTBOM, 'ITO anHHhi 77 N -pacceSIHHSI 

B COCTOSIHnSIX t77N= ~ H ~ MO)!{HO nony'lnTb C nOMOlllblO 
tPOPMtP8KTOpa g(k), nMeJOlllei'O oaHH8KOBYIO npOTSI)!{eHHOCTb 
ang o60HX naoTonn'leCKHX COCTOSIHnR. 

PeaynbTBThi perneang ypaaHeHHSI (3) ang anna pacceSIHHSI 
H ¢aa npHaeaeHhi B Ta6n, 1-3. Ta6n. 1 coaep)!{HT aaHHhie anHHhi 
pacCeSIHHSI nHOHOB Ha nei''I8RlliHX MPB?C, KOTOpbie Bbi'Incne
Hbl c noMOlllbJO Tpex pa3HhiX 77 N - noTeHunanoa, cooTBeT
CTByrownx TpeM naBeCTHbiM 16

•7 •81 3KCnepHMeHTanbHbiM Ha-
6opaM • .fing cpaaaeang npHaeaeHhi peaynbTBThi apyrHx pa-
6oT19-14~ KaK BHaHo na Harnnx peaynbTaToB, aa6op 77N-
- aaHHhiX ConoMOHa 181 SIBnSieTCSI HaH6onee npeano'l:TnTenb
HhiM. 

B Ta6n. 2 npeacTaaneHhi anHHhi 77 ""Sil'{epaoro paccegang 

ang aa6opa 77 N - aaHHhiX ConoMoaa, cooTBeTcTayrowne 
paanH'IHbiM 3H8'1eHHSIM n30CK8nS1pHOH KOM6HH8UHn 3neMeHTap

HhiX anna pacceSIHnSI, a 0 = iJ.-<&rr- +8-rr-n)• aaaqeane KOTopol!: 
aan6onee aeonpeaeneaao. Wa Ta~n. 2 anaao, 'ITO aaaqeane 
naOCKanSipHOR annHhl a O = 0 SIBnSieTCSI HanMeHee noaxoaSilllHM. 
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aTT 4He 
3 

aTT3He 

a 1 a 
TT He 

a0 =0 
a 1 =0 18 3 , 
a =-0,09 

-0,101 

-0,176 

0,0877 

aTT-3He -0,2•10-5 

a TTd 
-0,051 

a 0 =-0,006 
a1= 0,174 

. w=-0,095 

-0,128 

-0,195 

0,0888 

T86nHU8 2 

a 0 =-0,012 3KcnepH-
a1= 0,168 MeHT 
a3=-0,012 

-0,155 -0,143±0,004 

-0,215 -0,226 

0,0798 

-0,58 ·1 o- 2 - o,0184 0,05±0,005 

-0,0646 -0,0788 -0,07 4 :!0,03 

4 
H8KOHeu, T86n. 3 coaep)KHT 38BHCHMOCTb S -¢83 " He-

H TT 
3He- p8CCeSIHHSI OT 9HeprHH B o6n8CTH, aonyCTHMOH C 

ToqKH 3peHHSI caen8HHhlX npH6nH)KeHHi1. P8cqeT npoBeaeH 
anSI "N- a8HHhiX H3 H86opa 16 1 • Xoa ¢a3 anSI "~e npHMep
HO COBll8a8eT C pe3ynbT8T8MH p800Tbl 1 121. 3KcnepHMeHT8nb
Hbie a8HHhie npH 9THX aHeprHSIX oTcyTCTBYIOT. H8KOHeu, HaMH 
6hm H8i1:aeH BKn8a B anHHhi pacceSIHHSI BHpTyanbHhiX nepexo
aoB SlaepHOH CHCTeMbl B HenpepbiBHhiH cneKTp, T.e. Bb!p8)Ke
HHH BHaa f< l!VIE > Go<EIVIl > dE B Slape ypaBHeHHSI (1). 
0Ka3anOCb4 qTo npH OTOp8CbiB8HHH 9TOf'O qneHa anHH8 p8C
CeSIHHSI TT- He MeHSieTcSI Ha 48%, "+ 3He- H8 30% H "- 3He 
- Ha 300%. M hi npHBenH B paooTe 3HaqeHHSI Re a

17 
A , Ko

TOpbie nonyq810TCSI TOnbKO 38 cqeT a<fl<fleKTOB MHOf'OKp8THOf'O 
p8CCeSIHHSI OHOH8 1 C TeM, qTQOhl 1 Cp8BHHB8SI HX C 9KCnepH
MeHT8nbHhiMH aaHHhiMH, nonyqHTb MOaenbHO He38BHCHMOe 
npeacT8BneHHe o aenHqHHe a¢¢eKTOB, o6ycnoBneHHhiX npo
uecc8MH BHpTy8nbHOf'O nornomeHHSI H pO)KaeHHSI OHOHOB. 

ABTOphi Bhip8)1(8JOT HCKpeHHIOIO 6naroa8pHOCTb M.M.My
C8XaHoay H E.B)KeUHOHKO 38 HHTepec K p86oTe. 
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• I 

Ta6nHu8 3 

<l>83hi TT He - pacceSIHHSI (a rp8ayc8x) 

ETT (MaB) 0 
TT 'i-Ie 

3 
0 1 -0 3 

TT He TT 
3He 

1. 
2. 
3. 
4. 
5. 

6. 

7. 

8. 

1 0,658 0,993 
2 0,924 1,39 
3 1' 12 1,69 
4 1,29 1,93 
5 1,43 2,14 

6 1,55 2,33 
7 1,66 2,5 
8 1,77 

10 1,94 
12 2,1 
14 2,23 
16 2,35 
18 2,46 
20 2,56 
22 2,65 
24 2,73 
26 2,81 
28 2,91 
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