
OS'&EllHHEHHblti 
HHCTHTYT 
.RllEPHbiX 

HCCnEllOBAHHA 

llytSaa. 

' 1 

I 

I 

P2 - 4438 

! C .M.BHJieHbKH~, HryeH BaH Xbey , JI.JI.HeMeHoB, -~ ~ . r .TKe6yqasa 
·• s = :::r 
::1: ... 
1: OBPA30BAID1E H PACUA~ ( Jl+ J1-) ATOMOB 

• ... ... 
i 
! 
~ • lA 

~ 1969 



P2-4438 

- 8TOMOB 

yqacTHeM anpo

CHCTeM. 06Cy*.ll8IDTCH 8TO-

;JI;p. 

L., P2-4438 

s with hadrons and 
decay of such sys

e discussed. 

_____ .. 

P2 - 4438 

C.M.BM.IIeHbKMA, Hryeu BllH Xbey , JI.JI.HeMeHoB, 

~. r. TKe6yt~asa x/ 

OBPA30BAHHE J1 PACllM ( p+ p-) ATOMOB 

Harrpasneao a .H<Il 

x/ T6HnHCCKHli 



J1ayt~eHHe CBH38HHOrO COCTOHHHH p. + H 

H9COMH9HHbdl: HHTepec • 

p. -Meaosos npeacTasnsreT 

B aToA pa6oTe paccMaTpHBaeTcsr o6paaoBaHHe (p.+ p.-) 8TOMOB npH 

CTOnKHOB9HHH '18CTHUo Cet~eHHH T8KHX npoueCCOB Manbi1 oaHaKO HX HCCneao-

• · BaHHe sa cHnbHOTO'IHbiX ycKopHTensrx npeacTasnsreTCH B03MO)KJ{b!M. Mbi. KpaT-

·-

KO paCCMOTpHM T8KJKe 8TOMbi1 o6p830B8HHbl9 77 - H 

1. Hat~HeM c paccMoTpeHHH peaKUHH 

K - M930H8MH. 

(I) 

Mcnon&aysr. o6bi'IHoe npH6nHJKeHHe, ocHoBaHHoe Ha ManocTH cpeasero HMnyn&-

ca p. -Meaosa B a ToMe no cpaBHeHHIO c ero ·Maceo A noKosr, nonyt~aeM cne-

ayiOmee BbipaJKeHHe ansr MaTpHt~Horo aneMeHTa npouecca ( 1) c o6paaosaHHeM 

- STOMa B OCHOBHOM COCTOHHHH 
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3necb p H p - HMnynbChl Ha'lanbHOrO H KOH9'1HOrO HyKnOHOB1 q -

4-HMnynbc 11 - Meaoaa, k - 4-HMnynbc aToMa, m - Macca ll -Me-
ll 

aoaa, J (0) - onepaTop aneKTpoMarHHTHoro ToKa, a r/J (0) - aaa'leHHe 
a ll 

BOnHOBoa <flyHKUHH ( /l+ /l-) - a TOMB npH 

r/J (0) 
p. -a 

Y77 all 

r = 0: 

2 a = ---- - 6opOBCKHti: pallHYC (/l+ /l -) aTOMa). 

( 3) 

ll m a 
Ha ( :i} o'leBHllHO, 'ITO ce'leHHe npouecca ( 1) Mo>KeT 6hiTb CBS!aaao c 

ce'leHHeM peaKUHH 

(4) 
11 +p-on + e+ +e 

CoOTHO!lleHHe Me>KllY Ce'leHHSIMH npoueCCOB ( 1) H ( 4) HMeeT BHll: 

a 
t 

3 2 da I 2 
=377a mil ~ k 2 =- 4m ll 

(5) 

rne a t - nonaoe ce'leHHe npouecca ( 1 )1 a ::2 - ceqeaHe npouecca 

(4) ( k- 4 - HMnynbc e+ e-- napbi; at Jt~l 2 2 B (5) 
d k k =- 4m 

ll 
6epyTCSI npH OllHOM H TOM >Ke 3HB'IeHHH nonaoa 9HeprHH) • DnSI TOro, 'IT06b! 

oueHHTb Ce'leHHe peaKUHH (1), 38M9HHM B MaTpH'IHOM aneMeHTe npouecca 

( 4) BHpTyanbHhla <floTOH peanbHh!Mo 

nnSI 11-- M930HOB c aaeprHeH 190 MaB B n.c. npH 9TOM nony'laeM 

-37 2 
at '" 3.10 CM • 
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Ha CP -HHBapHaHTHOCTH cnenyeT, 'ITO ( ll + ll -) 8TOMbl 0 

B npouecce ( 1) B TpHnneTHOM COCTOSIHHH. 0CHOBHoa CXeMoa HX ] 
x/ 

SIBnSieTCSI 

(ll+ll-):..e+ e 

DnSI BepOSITHOCTH 9TOrO pacnana H3 as - COCTOSIHHSI HI 
t 

w =-1-m a 5
• 

t 6 ll 

0TCIOlla nonyqaeM1 'ITO BpeMSI >KH3HH ( /l +/l-) BTOMOB B as 
t 

paBHO 

r t = 1, 8. 10-12 
ceK. 

B Ka'lecTBe cneny10mero npHMepa paccMoTpHM po>KneaHe (/l + ll-; 

y - KBaHT8MH HB SI!lpaX!~ 

y +Z ... ( ll +ll- ) +Z • 

nonaoe ce'leHHe npouecca ( 8) MO>KHO oueHHTb c noMOinbJO <flopM' 

/2/ t/3 ( ) Ba • OpH k >:> m (2Z) k - aaeprHSI y -KBBHTOB HM 
0 ll 0 

x/ 

2 1 2 1 
a =411 -- Z a -o mlo m 2 

ll 

Ill 
BnepBbie aa aTo o6paTHn BHHMBHHe H.E. 3enbllOBH'I • 
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- HMIIynhCbl HB'IBnhHOrO H KOHe'!HOrO HyKnOHOB1 q -

Me3oHa, k - 4-HMrrynhc aToMa, m - Macca p. -Me-
Jl 

orrepaTop ::meKTpoMarHHTHoro TOKa, a .p (0) - 3Ha'!eHHe 
Jl 

( p. + p. - ) - a TOM a II pH 

.p (0) 
IL 3 

y77ap. 

r = 0: 

- 6opOBCKHfi par:tHyC (p.+ Jl -) aTOMa). 

( 3) 

BHJ1H0 1 'ITO Ce'!eHHe rrponecca ( 1) MO)f(eT 6b!Tb CBSI3aHO C 

+ 
11 +p-+n +e +e 

(4) 

e Me)I(JlY ce'IeHHSIMH rrpoueccos ( 1) H ( 4) HMeeT BHJl: 

a 
I 

3 2 da J 2 
=377a mp. ~ k 2 =- 4m Jl 

(5) 

e ceqeHHe rrpouecca ( 1 ), a ; : 2 - ceqegHe rrpouecca 

Mrrynhc e+ e-- rrapbij a
1 
H~l 

2 2 
B (5) 

d k k =- 4m 
Jl 

M H TOM )f(e 3Ha'!eHHH IIOnHOft SHeprHH) o llnSI TOr0 1 'IT06bi 

peaKUHH ( 1) 1 3aMeHHM B M8TpH'!HOM SneMeHTe rrpouecca 

cpoToH peanhHbiMo 

e3oHoB c saeprRefi 190 Mas B n.c. rrpH STOM rronyqaeM 
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11a CP -HHBapHaHTHoCTH cne11yeT, 'ITO ( p. + p. -) BTOMbl o6pa3yiOTCSI 

B rrpouecce (1) B TpHIIneTHOM COCTOSIHHHo 0cHOBHOft CXeMOA HX paCII8Jl8 

x/ 
SIBnSieTCSI 

(p.+p.-):..e+ e ( 6) 

llnSI sepoHTHOCTH sToro pacrra11a H3 as 
I 

- COCTOSIHHSI HaXOJlHM 

cu =-1-m a 5 • 
( 7) 

I 6 Jl 

0TCIOJ18 ilonyqaeM1 'ITO BpeMSI )f(H3HH ( p. +p.-) aTOMOB B 
3 

S -COCTOSIHHH 
I 

paBHO 

r 1 = 1,8.10-12 ceK. 

B Ka'!eCTBe cneJlyiOIUero IIpHMepa paCCMOTpHM pO)f(JleHHe (p. + p.-) aTOMOB 

y - KBBHT8MH HB S1Jlp8Xtl' 

y +Z ... ( p. +fL- ) +Z • 
( 8) 

Tionaoe ceqeaHe rrpouecca ( 8) MO)f(HO oueHHTh c rroMOIUhiO cpopMynhi TipRMaKo-

/2/ 1/3 ( ) 
Ba o flpH k >'> m (2Z) k - SHeprHSI y -KBBHTOB HMeeM 

0 Jl 0 

x/ 

2 1 2 _L 
a

0 
=417 -- Z a 

mlo m 2 
Jl 

Ill 
BrrepBbie Ha STo o6paTRn BHHMaHHe H.E. 3enhJlOBH'I • 
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I ,. 

3aecb 
1 

- BepOSITHOCTb p8CIT8Jl8 (p+ /l -) - 8TOM8 B 
1 

S O - COCTOSIHHH 
ro 

aa JlBa y - KBSHTa. BpeMSI )I(H3HH r 0 paBHO 

T 
0 

2 -13 
--5 • 6.10 cex, 
m a 

( 10) 

ll 

Hs (9) H (10) aaxonHM, qTo 

2 -37 2 
a = Z • 10 CM • 

0 

TaKHM o6pasoM, npH aocTaToqao 6onblllHX Z ceqeHHSI <jloToo6pasoBaHHSI 

(p+p-) - 8TOMOB CT8HOBSITCSI 3HaqHTenbHbiMHo 

2 •. B saxmoqesHe paccMoTpHM aTOMbt, o6pasoBaHHbte 11 - H K -Me-

30H8MHo 

ATOMbl (11+ 11-) 6yJlyT p8CIT8Jl8TbCSI B OCHOBHOM Ha 110110. Qqe-

BHJlHO, qTO BepOSITHOCTb paCIT8.1l8 onpeaensreTCSI JlnHH8MH 11 - 11 - pacceSIHHSio 

npHBe)leM pe3ynbT8T BbiqHcneHHSI BepOSITHOCTH p8CIT8.1l8 H3 OCHOBHOrO COC

x/ 
TOSIHHSI 

(t) ... .2!.!:_ ( 
9 

21\ m 1;2 
!.) 

m 11 

11 

2 
la2-aol 

1+ .l..m 1\m l2a +a 1
2 

9 11 11 2 0 

I tfr (O) I 
2

• { 11) 
11 

3aecb 1\ m - pa3HOCTQ Mace 
11 

+ 
11 - H 11 ° - M930HOB, a 2 H. a o - .llnH-

Hbl 11 -11 - paCCeSIHH.SI B COCTOSIHHSIX C H30TO!THqeCKHMH C!THHliMH 2 H 0, 

a tfr (0) - -~ { a 
11 v" a~ 11 

se.imqHHa 
11 (2a2 +a 

0
) 

- 6opoBCKHA paaHyd { 11+ 11-) aToMa). EcnH 

He .SIBn.SieTC.SI 8HOManbHO 6on&llloit, TO BTOpoA 

11nes B ssaMe.!faTene Bblpa)l(eHH.SI { 11) MO)I(eT 6btTb onymes, H .lln.H BepO.SIT-

HOCTH paCIT8Jl8 ( 11 + 11- ) STOMa H8XOJlHM 

x/ _ /3/ 
~OTOpO)I(JleHHe ( 11+ 11 ) 8TOMOB paCCM8TpHB8nOCb B pa6oTe • 3aMe-

THM1 'ITO npHBeJleHHOe B STOA pa6oTe Bbtpa)l(eHHe .lln.SI BepO.SITHOCTH pacna-

.ll8 ( 11 + 11-) 8TOM8 HI'! .llB8 11 0 - Me30H8 COJlep)I(HT OITe'ISTKHo 

6 

_. 

(t) 

11 

-8 2 3 
=2,2.10 Ia -aIm 

2 0 11 

/4/ 
Hcnon~:.syH JlSHHbte o .llnHHax 11 - 11 - pacceSIHH.SI , nonyqael 

cneayJOillYIO OUeHKY JlnSI BpeMeHH )I(H3HH ( 11 +17 J 8TOMOB: 

r 3,8.10-16 cex, 
17 

ATOMbl (K-11+) pacnaaaJOTC.SI c B ocaoBHOM aa K0
17°. Bepo~ 

naaa pasaa 

cu =~I b -b 12 ( 21\m )1/2 
17K 9 1 3 --

3aecb 

jL 
m11 m K 

m +m 
K 11 

/l 

1\m 

1 

1 
2 I tfr (O 

+ 9 ll 1\m I b + 2 b 12 11K 
1 3 

=m +m -m -m 
K+ Tr- KO 110 

a b I H b 
3 

- JlnHHbl 11- K - pacceSIHH.SI B COCTO.SIHH.SIX C H3C 

CITHH8MH 1/2 H 3/2, 

Hs (13) rrony11aeM 

-8 2 3 
w = 3,8 • 10 I b -b I fl • 

17K I 3 

TaxnM o6pasoM, nsMepeane speMeHH )I(H3HH ( 17 17 )- n ( 11K) 

rrossonHno 6bt orrpeaennTb anHHht 17-17- n 17~ - pacce.sral 

Manoe BpeM.SI )I(B3HH BeCbM8 CHnbHO 38TpyJlHSieT H3y'leHHe Tf 

7 



THOCTb paciiaJla (/l+ /l -)- aTOMa B Is 
0 - COCTOSIHHH 

BpeMSI )KH3HH r 0 paBHO 

2 -13 
--5 = 6,10 ceK, 
m a ( 10) 0 

/l 

HM 0 'ITO 

2 -37 2 
a = Z • 10 CM , 

0 

JlOCTaTO'IHO 6onblliHX Z C9'19HHSI 4JoToo6pa30BaHH.H 

CTaHOBSITCSI 3Ha'IHT9nbHbiMH, 

e paccMoTpHM aTOMbr, o6pa3oBaHHbre 11- H K -Me-

6yJiyT pacnanaTbCSI B OCHOBHOM Ha 110110. Qqe-

Tb pacnana onpenenSieTcsr nnHHaMH 11 - " - pacce.srHHSI, 

Bbi'IHCneHHSI BepoSITHOCTH pacnana H3 OCHOBHoro COC-

1/2 
) 

2 
la2-aol 

l+Lm ~m l2a +a 1
2 

9 11 11 2 0 

2 
I tfo (O) I . ( 11) 

11 

Tr;, Mace + 
11 - H 11 ° - MeaoHoa, a 2 H a 0 - nnH-

SI B COCTOSIHHSIX C H30TOIIH'IeCKHMH CIIHHAMH 2 H 0, 

a - 6oposcKHA: panuyc ( 11+ 11-) aToMa), Ecnu 11 

2 +a 0 ) He SIBnSieTCSI BHOManbHO 6onLIUOA:1 TO BTopoA: 

Bbip8)1{9HHSI ( 11) MO)KeT 6b!Tb OIIyiUeH
1 

H Jln.H BepoSIT-

71-) STOMa H8XOJlHM 

( 11+ 11-) aToMoB paccMaTpHsanocr:. B pa6oTe131• 3aMe-

B 9Toli: pa6oTe Bbipa)KeHHe nn.sr BepOSITHOCTH pacna-

, nsa 11 o - MeaoHa conep)KHT oiie'laTKH, 

8 

.,.. 

w 
11 

-8 2 3 
"'2,2 .to I a -a I m 

2 0 11 
( 12) 

/4/ 
HcrronbaySI naHHbre o nnHHax 11 - 11 - pacceSIHHSI 1 rronyqaeM OTCIDna 

cnenyiDIIlYID OU9HKy nmi BpeMeHH )KH3HH ( 11 +11 l aTOMOB: 

r 3,8.10-18 ceK, 11 

A TOMb! (K-71 +) pacrranaiDTCSI c B ocaoBHOM Ha K0
11°. BepoSITHOCTb pac-

rrana pasHa 

w =~I b -b 12 ( 2~m )1/2 
71K 9 I 3 --p. 

( 13) 

-----lt/1 
2 

(O) I 
2 2 

1 + - p. ~m 1 b + 2 b I 
9 I 3 

11K 

3necb 

p. ~ 
m +m 

K 11 

=m +m -m -m 
K+ 11- K 0 11 O 

~m 

a b I H b 3 - nnHHbl 11- K - pacceSIHHSI B COCTOSIHHSIX C H30TOIIH'IeCKHMH 

CIIHH8MH 1/2 H 3/2, 

Ha ( 13) rronyqaeM 

-8 2 3 
w ., 3,8 • 10 I b -b I p. • 

11K I 3 

( 13) 

TaKHM o6paaoM, H3MepeHHe BpeMeHH )KH3HH ( 11 11 )- H ( 11K) a TO MOB 

noaaonHno 6bi orrpenenHTb nnHHbi 11-11- H 11-K - pacceSIHHsr, OnHaKo 

Manoe Bp9MSI >K.H3HH B9CbMa CHnbHO 3aTpyJlHSieT H3y'I9HHe TaKHX CHCT9M, 

• 
7 

'·-·· 



~ 

B 38Kn!O'I9HHe Bb!p8)1{89M rny5oKy10 5naroaapHOCTb n.H.narrHaycy' 

B.M.noHTeKopBo, n.H.noHoMapeBy, P.M.PbiHLlHHy H H.A.CMopOLlHHCKOMy 

38 rrone3Hbie 05Cy)f{Ll9HHSI paCCMOTp9HHbiX 3Ll9Cb BOIIpOCOBo 

n H T e p a T y p a 

1. H.B.3enbLlOBH'I1 )1(8T4>, ~ 649 ( 1959). 

2. H.Primakoff. Phys. Rev., ~ 899 (1951). 

3. A .H. AneKceeB. DHccepTauHsr ( 1957). 

4. J.L.Uretsky,T.R.Palfrey. Phys. Rev., 121, 1798 (1961). 

5. f.A.neKcHH, Hct>, ~ 165 ( 1968). 

_. 

PyKOIIHCb IIOCTYIIHna B H3Ll8T9nbCKH~ OTLlen 

18 arrpenH 1969 roaa. 

8 

I __________________________ _ 


