
06bE.nHHEHHblA HHCTHTYT Sl.llEPHblX HCCJlE.nOBAHHt=I 
nABOPATOPJ,lff TEOPETWiECKOi1 <l>J,13HKJ,I 

C.Jfl-. BHneHbKHA, P.M. PblHAHH 

P- 1350 

0 nonHbi'x - CEl.{EHHSIX PEAKUHH 
C nomIPH30BAHHbJMvf nYl.{KAMH 

H nonSIPH30BAHHbJMH MHWEHSIMH 

..0.J6Ha 1963 

• 



.:,____· ___ I 
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0 nonHh!X ce'leHlrnX peaKUHit C nonsipH3OBaHHblMH ny-qKaMH 

H nom1pH3OB8HHbIMII 'MHW0HSIMH · · 
. ; . ' 

l1ccne.ny10TcS1 o6u.rne caoitcTaa non_HhIX ce-qeHHit peaKUHii. c nonsipri:-

soaaHHhIMH IlY'IKaMH H IlOnS!pH3OBaHHhlMH MHW0HSIMH, :YKa3aHa a·osMO:iK

HOCTb onpe.neneHHSI BKna.ooa c1rnrneTHOf'O H TpHnneTHOf'O, COCTOSIHIIH,. 

PacCMOTpeHa OIlTH'l0CKaSI TeopeMa B cny-qae peaKUHH C noJisip1!30BaHHhI-' 

MH ny'IKaMH H MHW0HSIMH, noKasaHo,· 'ITO H3Y'l0HHe nonHhl~ Ce'leHHii..' 

peaKUHlt Tuna 1/_2 + 1/2 ➔ -o + 0 ( 1/2 H O - cnHHhI -qacrnu) nosaonsieT 

onpe.oenSITb BHyTpeHHHe '10THOCTH '18CTHU, 

~ 

flpen_pHHT 06M!AHHeHHOro MHCTMTYTa Jl,nepHblX HCCAe~OBaHM~. 
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Bilenky S.M.; Ryndin R.M. ~ 

On Total Cross Sections for Reactions Involving Polarized Beams and 

Polarized Targets 

. . 
General properties of the total cross sections for the reactions'involving polarized 

bea~s and polarized targets are investigated. A possibility is indicated ·for ·detern;in

ing the contributions of the singlet and triplet states. The optical theorem is· exte~ded 

to the case of reactions with polarized beams and targets. It is shown that a study of 

the total cross sections for the rea~tions of the type 1/2 + 1/.2 ➔ O+ 0 ( ½ a~d O -~~ .. 
particle spins) allows to. detennine the internal parities of particles. · 
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1. B nocne.a.aee speMH IlOSIBllnHCb coo6meHHH 06 8KCaepuM8HT8X, BhlllOJIH8HHhIX Ha nona

pH30B8HHhIX ao.a.opo.a,HbIX MllWeHHX/ l-3/. B CBS13ll C 8THM H8M npe.a.cTannaeTCSI uenecoo6pa3HbIM. 

o6cy.a.HTb HeKOTOpbie CBOACTB8 IlOJIHbIX ceqeuut:t peaxuaa C no,urpH30B8HHbJMH nyqKaMH H nona

pH30B8HHhIMl-l MHW0HSIMH. HH)K8 Mbl orpaHH'IKMCSI pacCMOTp8HH0M CTOJIKHOBeHHR: .o.syx nonsipn:-

30B8HHblX '-18.CTRU co CDHHOM 1/2. 06o6LUeHH8 Ha cnyqaA 6onbWHX auaqeae:R: cmrnoa MOa<eT 

6b!Tb npose.iteHo 603 Tpy.ita. 

06LUee Bbrpa>Keaue .ansi nonHoro ceqeHHH mo6oro Kaaana peaKumt HeTpy tlHO nonyiutTb, 

HCXO.D.SJ H3 06bit{HblX Tpe6oaam-1n. HHB8pH8HTHOCTH. nonaoe ceqem1e .non>KHO 6bITb CK8JIS1pOM, 

110CTp08HHhlM H3 B8JIH'IUH, xapaKT8pH3YlOWHX COCTOSIHH8 _CHCTeMbl nepe.n CTOJIKHOB8HH8M! 

nonspuaauuft nr1xa H MHWeHH { H ~ u H~qanbHo~o HMnynbca ; o.a.aoa Ha qacTHU (c.u.a. ). 

npn: 8TOM cne.ayeT npHHSITb BO BHHM8HKe, '!TO C8lf8HH8 MO>K0T aaBuceTb Jlltlllb mtueaao OT 

xamaoR: na nopsipu3aunA. nonyqaeM cnell.yIOLUee Bblpa>KeHHe .anst nonuoro ceqe111-rn: 

(t) 

r.ne ! O - nonHoe Ce'leHHe paCCM8TpHB80MOro ➔ K8Hana peaKUHII C HenonsipH30B8HHblMH '-18.CTHUS

MH, q - 8.llHRH'IHblR B0KTOP B Hanpanne"HKH k • Koact>cl:>uuneHTbl a, H (12 HeTpyllHO CBSl3B.Tb 

C nonHblMH C0lf0HHHMH H3 CHH('Jl8THOrO ff TpnnneTHOro COCTOSJHHA. !Inst aToro cne.ayeT yqecTb, 

'!TO BXO.!lllWHe B (I) CKanRpHbl0 npOH3B0.!l0HHll ( ij b i, ) H ( (;> ( if, ;) paBHbl Cpe.itHHM 

B H8'-18JlbHOM COCTOSIHHH. nonyqaeM: 

➔ ➔ 

< 9'. P, ) ~ < (; ;; )> ~ I w -Jw , 
b t rn f,m • (2) 

r.ne W • H w,.: HOpMHp0B8HHbl8 seca, C KOTOpbIMH CHHrneTH8SI cpyHKUU:SI H TpunneTHSSI cf:>yHKUH8 

c 11poexu1teA: m Ha och q BXOllHT a CM0Cb, onu:c1:,ma10my10 ua11a1thHOe cocTosnn-rn. C noMOLUbIO 

(2) H ycnOBHll HOpMHpOBKU H8XO.!lHM: 

(3) 

w + w 
t.+1 ,.-, 

➔ ➔ 

½ < 1 + < P•; )( P, ; > >. 

0603H8lf:HM nomtbl0 C0'18HHH paccMaTpHB88MOro KB.Hana peaKUHH H3 CHHrneTHoro H Tpm1neTHOro 

COCTOHHHR qepea "• H o,. 
111 

via coo6pa)f(eHHA JtHB8pH8HTHOCTH 0'10BH.O.HO, 'ITO 

a,,+ I 

Bocnonb3oaanwHcb (3) H (4), nonyqaeM: 

0 ,. -1 • 

3 

(4) 



o=:w,, 111 0,,m+w.08 a 

=o +!Ho -o )(P.()+½(o -o )(P.;)(,,f,;,. 
o ,,o • t,+1 ,.a 

(5) 

via cpaaneuuH (I) H (5) cnenyeT, 'ITO 

o I = ¼ ( u,, 
0 

-· O • ) • 

(6) 
0 = ½ ( 0 -,u ) • 

2 t,+ I . t,O 

viaMepsrn: nonHoe ceqem1e o npn p4anHqHbIX opHeHTauuHx non.stpH38UHit Pb H pt ,I MQ)KJIQ 

HD.HTH o
1 

H o 
2 

H, aocnonb'.30B8BWHCb (6) H oqeDH,ZJ.HblM COOTHOWemt:eM 

rne 
da.f(0) 

-afi"--

~!__ >(~/[u 2 +2u 2 +(u +u ) 2
]. 

dO - 4 71 O tot I tot 1 tot ,2 tot 
(11) 

-.ce1.1.ettae ynpyroro pacceHHHSl HenonHpnaoaaHHWX qacTHU. 

111 • B 38KJ1IO'l0HHe OTMeTHM HHTepecayJO CBSl3b M8)KJlY DOJlHblMH C8'18HHRMH peaKuHa Tona 

% + ½ ➔ 0 + 0 . (0 H 1/2 - CflHHbl '18.CTHU) C nonspH30B8HHhlMH nyt1KO¥ H MHWeHbJO u· BHyTpeH-

HHMH · qeTHOCTSIMH '18.CTHil. nycTb. 11 H [
1 

- IlpOH380JJ,eHIISI BHyTpeHHHX qeTHOCTefl: H8.q8JlbHbIX 

H KOHelJHbJX tf8.CTHU. QqeBH.llHO, tfTO npH 1, = - ,, p08KUHSI H3 CHHrneTaoro CO~TOSlHHH aanpeme-

Ha 38KOH8M~ coxp8H0HHSI MOM0HT8 H qeTHOCTH. EcnH >Ke 1, = 1, • TO aanpemeaa p08KUHH H3 

TpHnneTHOl'O 1:ocTOSIHlUI C npoeKuHeA HYJlb H8 OCb ;· • HanpaBHM nonHpH38UHIO MHWeHH nepneH-

0 o = ¼ q• + ¼ a,, o· + ½ 0 10 + I .llHKYJJRpHO B8KTOpy q • Tor.D.8 Tp0THil 'IJ10H B Bblp8>K8HHH (5) HCqe3aeT, H Mbl IlOJlyqaeM; 

onpe.aenHTb TPH H833BHCHMWX ce1.1.eHHSI pea.KUHR H3 CHHrneTHoro H TpunneTaoro COCTORHHil.' 

TaKHM o6pa30M, Mbl Mo:meM DbILI.enHTb BKna.a.w C,rnrneTHOrO " TpHilJ19THbIX COCTOSIHHA B nonHoe 

ceqeHue. 

II • nonyqel-IHbJe COOTHOWeHHSI OTHOCSITCSI K mo6oMy K8H811Y peaKUHH C .ll.BYMH qaCTHUBMH 

co CIIHHOM 1/2 B H81.f8llbHOM ·coCTOSIHHH. Cne.a.oaaTenbHO, OHH cnpaaen.nHBbl H .nns nonttoro cet1e

HHfl u._,~,· acex npoueccoe. vfcnonb3yH YHHTapHOCTb, S . -MaTpHUbJ, HeTpy,nHO CBSl38Th K03C?clm

une~:rbl 01 tot u o 
2

,
0

, ;a ablpa.m-?HHH .nnSI nonuoro ceqeumt c MaTpnueA ynpyroro pacceHHHSI 

anepel:l· KaK nsnecTHO, MaTpuua ynpyroro _paccestHHH .nayx qacTuu co cnIIHOM 1/2 n:MeeT an.a: 

M(k',k,) = a(0) + {3 1 (0)(;•;) + f:)
2

(~)(u~ ;)+ 
(7) 

+ y(0)(c!•ii)(r!1 n➔) + /'i(O)(u•U:)(~ U:J +t(O)(u•f)(u,f), 

rne 
➔ 

k, - KOH8t1Hblii HMnynbC, a ; ; H f - enuHH'IHbte aeK1·opw a uanpaaneum1x [ k k-+,) 

k - k' u k + ;, , cooTneTcTaeatto. ilnst paccesiunsi anepe.a 

/3
1

(0) = f:)
2
(0)=0, 

y(0);"8(0), 

H M8Tpnua pacceSIHHSl npHHHMaeT B 3TOM cnyqae BH.n: 

M(k, k) = a(O) + 8(0)(;• :, ) + [,(O) -8(0))(;_;)(;, q ). 
noMHMO 06bl'IHOfi OilTHtl8CKOfi TeOpeMbl 

Im a (0) 
k 
- u 

411 0 tot 

ycnosne yHHTapaocrn S -MaTpHUhl naeT cnenyJOlllHe COOTHOWeHHH (cp/
41 

). 

Im 8(0) = k 
--a 
4rr l tot 

Im [,(0) -,o{0) I = Lu,·,., 
, 4rr 

(8) 

(9) 

(JO) 

TaKnM oOpaaOM, H3Mepemre noimoro ceq~HHSI acex npoueccoa npn pa3n11qHbIX opu:eHTBUHst~ nonsi-

pnaaunil nyqxa H MHWe11u noaaonSieT onpe.ne'nnTb MHHMbte qacTu acex Tpex aMnnHTY.ll ynpyroro 
~ . . /5,6/ 

paccestHHR snepe.o.. vTH H3MepeHHSI Il031;JOnstJOT TBK>Ke. ynyqwHTb H3B8CTHYIO oueHKY HamaeA 

rpaUHUbl .a.ucp¢epeHUHBnhHOro ceqeHHSI ynpy~oro pacceH~HSI anepell.. JleAC~BHTenbHO, HCilOflh3yR 

(8), (9) H (10), nonyqaeM cneny10wee HepaseHcTao (cp.
171 ): 

4 

\ 

➔ ➔ 

1. !, = , , 
' 

o = o o - ~~ a. (Pb pt ) • ( 12a) 

➔ ➔ 

2. ,,.':" -1, e1 ~ u 
O 

+ ¼ u,.o ( P• ~ l . (12n) 

. TaKHM 06,PaaoM, 3H8K BToporo qneaa O.ll.H03H8'1HO onpe.nenS18TCSI BHyTp8HHHMH qeTHOCTSIMH. 

3THM CB08CTBOM MO)KHQ BOCilOllb30B8TbCSI .nng onpeJJ.eneHHH BHyTpeHHHX tf0THOCTeR CTpaHHbIX 

'18.CTHU. Jlng 3TOi1 uenu MO>KHO H3Y'l8Tb, HanpnMep, cne.nyrowne peaKUHH: 

A (i) + p ➔ K + rr, 

-+p ➔ K+.1{, 

3 4 ... 0 
A + He ➔ He + K • 

AaTOpbl 6naronapHbl .H.A.CMoponnncKoMy aa o6cy"'neHue pa6oThl H HHTepec K Hell 

If Jl)K. CMnTy aa ps.n KPHTH'i0CKHX 38M0t{8HHA. 
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