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ilHHeilxaH 1'11\., HaMCRail X. P2 -9037 

f1 4 3e , fl4 e + y pacrrailhl B aenoKallbHOil TeopHH cna6hiX 

B38Hl,10ileHCTBHH 

l1ccnenosaHhi pacrranhr fl4 3e 11 fl4 e+ y B paMKax aenoKallhHOil 

TeOpHH cna6hiX B38HMOileHCTBHH. npeJ:\!IO.'Jar'aeTCH, 'ITO CTe!IeHb pa31II!'lf!MOCTH 

Ve- Vfl 38BHCffT OT f -31IeMeHT8pHOH iliiffHbl cna6biX B381!MOileHCTBffH 

fl {jlopM~l8KTOpa HeiiOK81IbHOH MOilellff. 

nonyqeHO orpaHI!'leHI!e Ha f $ }Q CM, npa yCIIOBHff, 'ITO Ve II Vfl 
He HBIIH!OTCH a6COII!OTHO TO)K/leCTBeHHblMH 'l8CTffU8MH. nocnellHIIH {jlaKT ycTa

HOBIIeH 3KCTiepHMeHT81lbHO. 

Pa6oTa Bbli10IIHeHa B J1a6oparopi!H TeopeTrt'!eCKOil {jl1!3HKH 011.Hl1. 

Coo6~eHHe 06'be.nHHeHHoro HHCTHTyTa H,llepHblX HCCJie,noaamdi 

,ll,y6Ha 1975 

Dineykhan M., Namsray Kh. P2-9037 

fl 4 3e, fl4 e+ y Decays in the Non-Local Theory 
of Weak Interactions 

The decays fl 4 3e and v • e c y have been studied in the 
framework of the non-local theory of weak interactions. 
It is assumed that the degree of discernibili ty v e- "fl 

depends on e -elementary length of the long weak interac
tions and on the non-local model form factor. 

The bounds for f ·~ 1Q-15cm have been obtained for 
the case when ve and ~ are not absolutely identical 
particles. 

The latter fact has been established in experimental 
way. 

Communication of the Joint lnstjtute for Nuclear Research 
Dubna 1975 
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I 

1. Bae.r:~eHHe 

OrcyTCTBHe pacna.r:~oa 11 ... 3e H 11 _, ey npHaeno 

K rHHOTe3e 0 CyWeCTBOB8HHH {H COXpaH9eMOCTH) M~OHHO
ro aap9J:\a L 11 B cna6biX npoueccax ::meMeHTapHhiX 'laCTHU. 

llng CHMMeTplUl Y.r:I06Hee TBK)f{e BBeCTH aneKTpOHHbiH nen-
TOHHbiH aapg.r:~ L • 3ap9.r:\hi L H L coxpaHg~'rcg 

e e 11 
B OT]:IenbHOCTH. 

TaKHM o6paaoM, e H 11 ( 11 e H 11 
11 

) oTnH'Ia~Tcg .r:~pyr 
OT .r:\pyra He TOJtbKO M8CCOH 1 HO H HeKOTOpblM ]:IOHOnHH

TenbHblM CBOHCTBOM, H83biBaeMblM MIOOHHblM L l1 H aneK

TpOHHbiM nenTOHHbiM aap9.r:\OM L e • 

AHanH3Kpy sr pacnaAhi 11 ... 3e H p. -+ e y , MO)I{HO cy AHTh 

o cTeneHH HX paanH'IHMOCTH L e - L P.. 
Hacrosrwast pa6oTa nocagmeHa K3y'leHKIO aTHX pacna.r:~oa 

B paMK8X HenoKaJthHOR TeOpHH 'leTblpex$epMHOHHOrO cna-
6oro B38HMOAeiicT&HSI /1/ . Mbi nocTynapyeM, 'ITO paana

'IHe B noae.neHHSIX Me)I{J:IY e( v e) H ~t( v ,.,.> , o6ycnosnHBaiO

meeca BHyTpeHHHM CBOikCTBOM 3THX '18CTHU, 38BHCHT OT 

HenoKal'lbHbiX a~eKTOB Cl186blx &aaHMOAeilcTBHA. HanpHMep, 

v = v + f( f f v) v = v - ( 1 - ¢ (l ' v)) v ' ( 1 ) p. e e 

r.r:~e f ( HnH cp ) xapaKTepH3yeT $aKTOp, H3Mepst~WHH 
OTKnOHeHHe OT TO'IHOA CHMMeTpHH SU(2) (creneHH paane

'IHMOCTH V e- Vp;), H SIBnsteTCSI $yHKUHeH OT f -aneMeHTBp

HOH ]:lnHHbl H v-napaMeTpa, CBSI38HHOrO HeKOTOpbiM npeo6-

p830B8HHeM C HenoKanbHblM QJOpM$aKTOpOM MO]:IenH, 

a v-ReHTpHHO• o6na]:la~mee CBOHCTBBMH KaK "e 1 T8K H "'p.• 
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I 

TipH TaKoH 3anHCH (1) nponararop nepexoua Me*UY v 
H v HMeeT BHU: 

11 

<Oit/J (x) 'I' (y) l0>=i¢D (x-y), v v v v 
e p. e 

(2) 

rue Mbi nono*HnH Dveve( x) =Dvlf'( x), T,K, HeHTPHHO v 
o6nauaeT CBOHCTBOM V e , 

e 

0TMeTHM, 'ITO ecnH Ve H v/1 a6comoTHO TO*UeCTBeHHbi, 
T.e. ¢ = 1, To nponaraTop nepexoua paassreTcsr o6bi'IHOMY 

" 
HeHTpHHlloMy nponaraTopy Dv(P )=-f--:--o H Hao6opoT, 

-p -1 { 

ecnH OHH a6comoTHo pa3nH'IHbi, To nponaraTop nepexoua 
paaes symo, 3To o3HaqaeT, 'ITO HeB03MO*eH nepexou 
Me*UY TaKHMH 'IaCTHUaMH H, cneUOBaTenbHO, ¢ = 0, 

B uaHHOH pa6oTe nony'IeHbi 3aBHCHMOCTH <PaKTopa 
¢ (f , v) OT napaMeTpOB f H V HenoKanbHOH TeOpHH 
( CM, pHc. 3). Ha ocsoae sKcnepHMeHTanbHbiX uaHHbiX 
o pacnauax p. -+ 3e H p. -+ ey 121. 113 Toro <t>aKTa, 'ITO 

ve H v
11 

- pa3nH'IHhle 'IaCTHUhl, cneuyeT, 'ITO 
-15 f < 10 CM, (3) 

C upyroH cTopoHbi, B pa6oTax /3/ 6binH nony'IeHbi orpa
HH'IeHHSI Ha f ~ 10-16 CM H3 8KCUepHM8HTOB ITO H3Mepe
HHIO g- 2 - <PaKTOpa, naM60BCKOro CUBHra H pacnauoB 
Me30HOB, 

HTaK, MO*HO noiiy'IHTh cneuyiOIHHe orpaHH'IeHHSI unsr 
napaMeTpa f , xapaKTepH3yromero o6nacTb, rue sapywa
eTcsr iiOKanbHOCTb Cna6oro B38HMOUei!:cTBHSI! 

10- 16 CM 5; f S 10- 1~ CM (4) 

unsr npocToro <PopM<tJaKTopa V(z) nopsruKa pacTa p = 1/2, 
npH KOTOpOM V ( 1) - 1 , 3uecb 

rue 

4 

v(O -
1 

- j du. u '-
3 w 2( u) 

r(2-,)o 

W ( u) = 0 ( u - 1) . 

(5) 

2, BeposrTHOCTh pacnaua p. -+ e + ·Y 

TiepeHUeM Tenepb K Bbi'IHCneHHIO BepOSITHOCTH pacnaua 
p. -. ey. EcnH orpaHH'IHThCSI TpeThHM nopMKOM reopHH 
B03MymeHHii, To BKnau B p. -+ ey pacnau naiOT UHarpaM
Mbi ,nOK838HHble Ha pHCo 1 H 2, nHarpaMMbl THna pHC. 2 
ae ua10T aKnaua B peanhHbiH pacnau p. .... ey H ycTpaHSIIOT-
csr nepeHOpMHpOBKOH BOnHOBbiX <tJyHKUHH MIOOHa H sneKTpo-
Ha /4 I , a eepoSITHOCTb pacnaua p. -+ e + y onpeuensr-

eTcsr uHarpaMMaMH pHc. 1. CooTeeTCTBYIOIUHH HM qnes 

S -MaTpHUbi MO*eT 6biTh npeucrae.fies e aHue: 

. - (i) a (6) M=-le I :t/J (x)l (x,z/y)t/1 (z)A (y):, 
j=e,p. e a 11 

rue 

r(J)(x zl )= 1 JJd" d" ip(z-x)+iq(y-x)r(j)( ) 
a ' tY (211)8 P qe a p,q, 

A A ,. A 

.... 
6

z.¢ O"y[(p'+k) Ya(p+k)+m~ya]Op 
r<n(p,q)= Jd'kN [i.k)----------

a 2i(277 )4 ~ [~-(p+k)2 -id [mf-(p' + k) 2 
- ic] 

<l>yHKUHH f<~>( p,q) , N ytf ( k) = g yf3.N (k 
2

) + k k pN 2 ( k 
2

) 
nonpo6so Bbi'IHcnsrnHcb e pa6ore/3/ • ~eunono*HB, 'ITO 
mj t 2 << l , MO*HO nerKo nony'IHTh cneuyromee npu6nH*eH

noe Bl>lpa*eHHe (Mhl onycKaeM qneHbl nopSinKa togm~f2 
H Bhtwe): 

r- ( ) I-.(e}, ) I"'":(p.)( ) p, q = \ p' q + p, q = a a a 
2G2v(O}O + G2v( 1) ( 1-y:J.~ 
"4f4 a . 8774f2 

z s 5 49,5 0 40 xhm (-+-fog(p-1)---)+a q m (-+ -)l 
a fl 6 24 2 a tf tf fl 6 3 • 

5 
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l 

rae 

1 • 
aaf3= 2(YaYf3-YfJYa), p =m!lm:, 

8 
2 2 

u '( 1) lll!L e > __ +fog-- - 3tP( 1 · 
u ( 1) 4 

npu: Bbi'IHCneHHH BepOHTHOCTH pacnaaa npoCyMMHpyeM 
no CnHH8M KOHe'!HhiX '!8CTHU 1 ycpeaHHM no CnHHy MIOOH8 
H ,npHHHM8H BO BHHM8HHe nepeHOpMHpOBKH BOnHOBhiX 
¢YHKUHH e H p. 1 nony'!HM 

d .... ,d.... IMI 2 

dlli ( 2 ) 4 p q "' ( 4) ( , ) 
n= 1T ·--u p+q-p 

2Ee ( 2") 6 2Ey 2E
11 

¢2aG2v2( 1) m 5 !(~- 49,5)2 + (~) 2 + 
64779f423 ll 6 2 24 

+ 2 (~ _ 49,5) < ~+ ~> -( ~ + ~) 2 1 dp' dq 0<4tp'+q-p) 
6 2 6 3 6 3 E E ' e y 

rae 
e2 1 

a=-=-
4rr 137 • 

HaTerpHpoaaau:e no ¢aaoaoMy o6beMy aneKTpoaa H ¢oToaa 
aaeT 

W- ¢2aG
4

v
2

(1) m! !(~- 49,~2 +2(~- 49,5)x 
64778f 4 4 6 2 6 2 

0 40 8 40 2 
x(-+-) -(- +-) }. 

6 3 6 3 

• 

,j 

!' 
:I 

'-:ITo KacaeTcsr napaMeTpa v( 1), To oa onpeaeneH He
nonaocTbiO. TeM He MeHee, ecTb HeKoTopbie coo6pa)l(eHH.H, 
CBH38HHhie CO CBOHCTB8MH HenoKanbHbiX ¢opM¢aKTOpOB, 
noaaonsriOmu:e C'!HTaTb v(1) == 1 ; v' ( 1) == 1 ( Hanpu:Mep, 
¢opMyna (5) ). Toraa OKOH'!aTenbHO nony'!HM 

rr¢ 2G 4 2 
W(p.-+ey) = m,·9,7. 

64rr 8f4 r 

0THOWeHHe K BepO.HTHOCTH 
G2ro5 

w ( ll .... e 1/ v) = ll 
19 2 IT 3 

COCTaBn.HeT 

pacnalla p. .... e + v + v 

W(p.-+ey) 

W (p. .... evii) 

a¢ 2G2 
e" 

17
5 • 29, 1 . 

C ornacao aKcnepu:MeHTanbHhiM aaHHhiM I 2 I, 

W(p. .... ey) < 2,9. 10- 8 . 
W (p.-+ evii) ,.... 

(7) 

noacTaBn.H.H 3TO 3Ha'!eHHe B (7), nony'!aeM 38BHCHMOCTb 
<iJaKTOpa cp OT f -aneMeHTapHOli: anHHbl cna6biX B38HMO
aeiiCTBHH an.sr aaaaoro Tu:na ¢opM¢aKTopa (5). Ero aenu:
'IHHa noKaaaaa Ha pu:c. 3a cnnowaoA nu:au:eA. 
0TciOaa HeMeaneHHO cneayeT, 'ITO f < 1 Q -l5 CMo 

"' HccneayeM Tenepb noaeaeau:e napaMeTpa ¢ a aaau:-
CHMOCTH OT ¢opM¢aKTopa HenoKanbHOH TeOpHH. nnsr :3TOrO 
paccMoTpHM npocToii cnyqaA, Koraa ¢YHKUHH W(u), 
BXOa.HIUa.H B <iJopMyny (5) C y'!eTOM TeopeMhl nanH-BHrHe
pa I 5 I , MO)I(eT 6biTb npeacraau:Ma B BRae 

W(u) =0(1-u) f(u) +O(u-1) 

u:nu: 

W
2
(u) =8(1- u) F(u) +O(u-1) 

ansr ¢opM¢aKTopoa V( z) nop.Ht:tKa pocTa p = 1/2. Ecnu:, 
Hanpu:Mep, Bhi6paTb ¢YHKUHIO F(u) B ¢opMe 

9 
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PRe. 3. 

10 

tfc..u.) 

f (c..u.) 

'----

F ( u ) = u 4 I A ( 1 - u ) + 135} + u 5 1 B ( 1-u ) - 38 4} + u 6 ! C ( 1-u ) + 250 l , 

rile .A"" B"" C = d , , d -rrpoR3BOnhHoe rronO)!<IfTenhHoe 
'f!fCnO, TO Mbl lfMeeM 

W(fl->ey) 

W(fl->evv) 

..5:¢ 2G~ 9,84 

" 5 e 4 12 
(9) 

BR.a <}JyHKU!flf ¢, cooTBeTCTBYIDIURli ¢opMynaM (8) a (9), 
rroKaaaH Ha pac. 36. 

3. BepoHTHOCTb pacnaJla 11 ... 3e 

PacnaJl fl ... 3e Bo BTopoM rrop.HJlKe no G orrachmaer-
c.H JlaarpaMMoli pac. 4. 

l.JneH S -MaTpaUhi, COOTBeTCTBYIDIUall JlaarpaMMe pac. 4, 
MO)!(eT 6bi Th aanacaH 

G2 - -
- i 2 ¢: ( e ( x) 0 a fl ( x)) N a rJ x - y ) ( e ( y) 0 f3 e( y) ) 

Dpo.aenaB Bbi'facneHa.H, aHanora'fHhie rrpaBeJleHHbiM Bhiiiie, 

rrony'faM cne.ayromee Bbipa)!(eHae Jln.H Bepo.HTHocra pacrraJla 
fl -> 3e C TO'fHOCThiO JlO qneHa IIOp.HJlKa fog m2j f 2 : 

W=-G4¢2v2(1) 5 
-- m 

4·192TT7f4 fl" 

3KcrrepaMeHT 121 ,JlaeT napuaanhHyro IllapaHy: 

W(fl ->3e) ----
W(/1 ->evi/) 

:5 3,2. 10- 9 

¢yHKUaOHanbH8.H 38BaCaMOCTb ¢ ( f , V) OT f H V IIOKa-
38H8 Ha pac. 36. Orcro.aa BHJlHO, 'fTo 

e -15 
~ 10 CM 1 

T.K. Ve a Vjl He MOf'yT 6hiTb a6coniDTHO TO)!()leCTBeHHbiMH 
'f8CTHU8MH ( cp =/ 1) • 

II 
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