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IToHOMapee n.11., <l>alicj,MaH M.n. P4 - 10635 
BhrtrncneHHe CKopocTell .nesoa5y.>K.neae:st µ -Me30Monexyn ao.nopo.na 

Bb1q•cneHbJ CKopocr• 11eeo;-,6y)K11eHRS1 /l -Me30MoneKyn pdµ , ptµ u dtµ 
nyTeM .llHnonhHoro EJ-nepexoaa G xoaaepcuea Ha sneKTpoae Monexynstpaoro 
HOHa aoaopoaa, OllHHM H3 SI.Uep K0Toporo smn.srercsr o5paaoaaswaSicSI µ -Me
aoMonexyna. npe: BhlqHcneHHSIX HCU0nb30B8H0 8.llHa6aTHT.18CKOe npeacTaaneHHe 
e aa11a'Je rpex ren. lln" MoneKyllb1 pdµ nonyqeHHbii! peaynhrar >.pdµ 
= l,23•10

11 
c-

1 
ornuqaercSI B nSirh paa or paHee H3BeCTHoro ( >.pdµ = 

=0,25•10 11 c-1 ). 

P a6ora BbmonHeHa e na6oparop•e reoperuqec11;oii cj,uaHKH OIH111. 

Coo6U1eaae 06~e.11aaeeaoro aacraryra a.11epawx accne.110BaHHli. ,lly6aa 1977 

Ponomarev L.I., Faifman M.P. 

Calculation of the Hydrogen 
De-excitation Rates 

P4 • 10635 
µ -Mesic Molecule 

We have calculated de-excitation rates of mesic mo~ 
lecules pdµ, ptµ and dtµ of the dipole El-transition with 
electron conversion of the molecular hydrogen ion (one 
of its nuclei is the formed mesic moleculaj. For calcula
tion the adiabatic representation has been used. The 
obtained result >.pdµ - l.23•10 11 c-1 is five times larger 
than the known quantity (>,pdµ= o. 25•10 11 c -I ). 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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i. RaR H9B6CTHO [I, 2J, o6pasOB8HH6 ~ -MJ80MOJ16RYJI B CM6CH 

HSOTOllOB BO.U.OPO.JJ.8 C ROH6"1HOil B6P0.8THOCUID np.lIBO,Il.!U' R peamnrn 

CHHT698 .a.u.ep M680MOJl6RYJll:I• CROpOCTb STOil pe8RUHH cymecTB6HHHM 

o6pasoM saBHC.IIT OT RB8HTOBoro cocTo.aHH.R MesoMoneRyJll:I, B ROTopott 

llpDHCXO,II.HT pe8RIUUJ CHHT698. 

MexaH.IISMli o6p890B8HH.8 M690MOJI6RYJI, pacCMOTJ)6HHli6 B pa6o

T8X [I-5], llOR89NB810'1', "!TO )<-M680MOJI6RYJIB o6pasyIOTC.8 B B08-

6y~.U.6HHBX BpamaTenbHBX, KOJI668T6JlbHBX .II BpamaT6JlbHO~KOJI668T6nb

HliX COCTOJ'IH.II.8X: M690MOJI6RYJll:I ff~, Pr, u r0 -BOOM~ 

.8H.II.8X C Op6HT8JlbHllM MOMGHTOM 

"I.IICJIOM · 'If'= 0 , M690MOJI6KYJlH 

L .. J. H KOJI668T6JlbHHM RB8HTOBllM 

H.II.8X 

T0.f!H.II.8X 

L= i '-v-= i , 
L=O v-=1. , 

dd,1-< H 

H, H8KOHen, MOJI6KYJI8 

._ H L = i. -v-==o 

tt,,« 
df_;,< 

- B COCT0.8-

B COC-

.1l,ruJ M690MOJI6RYJI.C 0,II.HH8K0Bb1MH .fl,II.P8M.II B8PO.RTHOCTb nepexo.n.a 
4 

(L =i) - (L =O) B OCHOBH06 COCTO.f!H.II6 sa BP6M.8 IKHSHH _f'I-M6-

90H8 KpattHe M8Jl8, nocKOnbKY np.lI T8KOM nepexo.u.e ,II.OJil!t6H .II8M6HHTb

C.8 cyMMapHBR CllHH .a.u.ep [I-4]. 
B M690MOJI6KYJI8X C pa9JIH"IHBM.II .fl,II.P8.M.II ( pd,tt,ftl" 

o6pa8YIIJllWCC.8 B B086YE.U.6HHBX COCT0.8HH.8X B pe8KW'l.8X THI18 

·d~ + ~z, ~ [{pd;«)p_e]+ + ·~, 

H Ji,µ), 

[I-3,5]: 

B ,JJ.8nbH6RmeM B08MOE6H aneKTpa"16CK.IIR ,II.HllOJlbH~ EI-nepexo.u. HS 

COCTORH.II.8 L - i B CDCT0.8HH6 L = 0 • 8TOT nepexo.n MOEeT 

ocymeCTBJUITbC.8 JIHOO C HCllYCR8H.II6M f -KB8HT8.(CROpDCT.II T8RWC 

nepeXO,II.OB COCT8BJUl!OT B6Jl.lI"IHHY >. R ~ rn5-106 
CSR-I [I-3]). 

JIH60 R8K nepexo.u. C KOHB6pc.1Iett Ha 8Jl6KTpDH6 MOJleKyJU1pHoro HOH8 

[ Cr4«) re]: 
3 
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D .r,3HHOfi paClOT6 BlNilCJI8Hll CROPDCTll )iA O'!Ce-nepexo,IJ;O:B 

M630MOJIBRyJI P?f" 
1 

fTj-t 
.u d~ B ocaoBaoe cocTo.Ra.ue, 

KOTopue Ha HBCROJILRO nopa~ROB npeBUlllaDr CKOPOCTll P~lla

ItllOHHllX rrepexo~oB. 

2. Bepo.RTHOCTL aepexo,na Wf, 
M630MOJI6RYJIH ll3 HatJam.aoro 

l i) B ROH8'qHOe ( f) COCTO.RHHe C I:ICIJYCR8HHBM Ollte-

SJIBRTpoaa B HHTe,PBaJie llMIJyJll,COB f, f. + d{ PBBHa [5~6]: 

d1v¼, = ~1i F: ( £f - £.) df. (I} 

. . a 
. z~·'+1L. L. JR,tidf 1 (i/)r(ftf)Hint r (f) 1 (z,f) ~ , /s W(f),t- ,.. ,. c·, . 1.y,.J l 

.m"'~ .. 

3)t8cL BBB,neau OCl03H8'1J6HIDJ: 'f'''' ( f) .0: 'f/ (-f} Cf) - BOJI-

HOBUB !IYHR!Ullf 3JI6RTpoaa ROHBBJ)CHI:I B H8'1J8JILHOM II ROHB'IJHOM coc

T0.RHI:IS1X C00TB6TCTB6HHO, f - ROOP.IJ;HHaTa 3Jl8RTpoaa, OTC'IJI:ITaH-

j •,Jf(i} .... -) H8.R OT L(BH'l'pa Mace MOJI6RYJII,! . f ~ ; I { z, f!. H 
(f) .... -

11.f' ('z1 R) - BOJIHOBHB <n'HRW{li M630MOJI6RYJIH, /? - pa,It1t-

yC-B6RTOp, 006,ImM.tallHil: .R.IJ;pa, 

OTC'IJHTaana.R OT cepe,zumu OTpesRa R ; 
(f) _r_ {i> (+] 

Ef = E-,rf- + 2 me , E.,,1... .II E. ,,-L - aaepr1m CB.RSH Me-

z - Roop,niraaTa .,,«- -Mesoaa, 
<ii 

E, = E.vL + er .II 

30MOJI6RYJI B H8'1J8JILHOM ll ROH6'1JHOM COCTO.RHWiX C OpClHT8JihHSMI:I MO~ 

l ~n . 
M8HT8MH H ROJI6Cl8T6JihHI:lMll RB8HTOBSMll 'IJHCJ!aMH V(~f) 

, 
EI - aaeprzn CMSH 3JIBRTpoaa B OCHOBHOM COCTO.RHHH MOJI6RYMP-

(f-) .... , 

HOro HOHa Hz , i - ZMnym,c 3JI6RTpoaa ROHBBJ)CHH , Yne -

Macca aJieRTpoaa. 

B (topJyJie (I) IlPOH3B8.IJ;6HO y Cpe.zta8Hll'.6 no BCBM B03MOlltHiiM 

·, [,c.:J 
DP06RI.W:HM m'' OpClHT8.Jll,HOro MOM8HT8 B H8'1J8JlbHOM H 

' (f) 
CYMMHPOB8HHB no Il.P06Rlll!.IDJ 1-tt B ROHB'gHOM COCTMHI:I.RX. 
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M630MOJl6RYJIH nepeXO)J,HT B OCHOBHOB COCTOJIHll6 DO.II; ,nefiCTBllBM 

B03Mymeal!J3, onepaTop ROToporo B ,nllilO.Jll,HOM npHClJI.ll~BHIDi llM86T 

Bll.IJ; [3,• 5}: 

H,nt = 
.Jf 

e 7' (2) 

r.ne .IJ;HDOJILHID\ MOMBHT J P8B6H 

d = -e[1(1-~)f + (i+ ~):t] 
Mt Nt 

X= f12.-M1 
Hi!+ 11:1 

M-t ml' + M:1 +.Mz. (3) 

3,nech H,. .l'.I f1z - MaccH sr.nep MesoMoJieRyJIH ( Mf <""-~ ), m,.. -

M8CC8 ,,U -M630H8. 

3. BO.llHOBH8 q:JHR[C1H SJIBRTpoHa B H8'q~JU,HOM .0: ROH8'1JHOM COCTOJI

HMRX (:e 8TOMHHJC e,nnrum,ax e = t; = me = 1 . ) BiiClpaaH COOT-
. # ' 

B6TCTB6HHO B BH~6 [3,5-8]: 

If'''({)= 
Z 2 · P -Z.,f 

[ 
3 J'¼· 

Z1r(1+,1,) · ( e . + 
- z .. if -{,,I) e . 

(4a) 

· z[ 2(1+22
) ]½, a-- ... 

R,,.1 (f) = ; 'J, 1. _ e-2v1z f :f (Z+i~, &; Zii,f) 

wU>/➔). _ 3. i e-. i.of o (f') ~ 0 r .. 1..f · - - • /\q1 · if 
• ·,: , .· !L'iT'f, r 

R 1 (f) - •12· j_ Sin ('t-f -t- 2 e,,, 2s,f - f +~) 
1 J' ..... "° rv=- f . , 

5 

(46) 

2 = l"" 
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3,necI. Zo H z"" - ac}:qeRTITTlHHe 38Jl8.ItH llPOTOH8 B l!OHe MOJI6-

RYJIH BO~opo~ H2+ coOTBSTCTB8HHO B aa~aJII.HOM a ROHS~HOM coc-- ~ 
TO.RHWIX , Rf - pa,nayc-BeRTop M8llt.IJY .R.npaMH HOHa ~ , 

01 = Cl.-Z-:J I'(z-,f)- RyJIOHOBCR8.R (faaa B.COCTO.RHHH C MOM8HTOM 

l= I. 

B ~aHaon pa6oTe Hcnon1,aoBaHH cne.IJYnnae aaa~emrn BeJii~aa [SJ: 

z. = 1,24; Rr = 2,00; ,1. = o,468; z.,, = I. cs> 
BonaOBH8 qjHRiij{H M830MOJI8RYJIH BH'lHCJI8HH B ~yxypOBH8BOM 

np116Jim1teHHH a,naa6aT~6CROro M8T0~8 [9J: 

y(•.f' Ci, "i) ,:: ~ Ci; R) 'r/·+'cn +~Ci; R) Y;,(•,f>c 1). <6> 

BOJIHOBH8 <fyHRiij{H ~ (z; !<) H ~ (z;R), HOp.!Hpo-

B8HHH8 YCJIOBHJJMH: 

Z, . z. . 
~ cii[ 4'1(z;R~ = 5 "'t[ 'f2 (z;~jj = 1, . . <7> 

JJBJI.RIOTcn pemeHHJJMa aa~~H mx. ueaTpoB [ IO, H] a: npe,ncTaB.11m1r 

~Hllt8HH6 )A -M630H8 B llOJie ~yx 38RpenneHHUX n,nep, y~aJI8HHUX. 

aa paccTO.RHHe R • ' 

BOJIHOBHS g:yHRiij{H v-:i ,,·,n Ci) H y/:fJ(t) onacu-

B8IOT OTHOCl'!T8JII.H08 ~H~8H.0:8 JJ~ep B H8~8JlbHOM H ROH8~HOM COCTO.R

HWIX. 3Tl'l 4'YHRmm,npe.ncTaBR6HHH8 B Bl'l~8 

UI Ci,-f)(f) = .i. j(i,f(R) Y (e, ¢,) 
11,z /( L,2 . Lrn {8) 

H HOJJ41'lpoB8HHH8 YCJIOllWJMH: 

f [[ c•> ,1 Z [ <it · iJ s {[ (fl iJ 2 [ J(fl ~ZJ JolK J
1 

(-")J + J
2 

(R)j = .,tR J1 (R)J + .Az (A)J = t , (g) 

llOJIY~8HH B pa60T8X .[I2J~ 
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4. BH.n6n.R.R pa3M81)HH8 MHOIKHT8JUI BC8X B8JII!'JHH, BXO,nllll.UiX B (fop.iy

JrY {I)xJ H llpoBO,nll ~HT8rpHpoB8HH8 no ROOp,IWH8T8M f, 2' 1 
-+ 

H mmyJII,CaM t anirnTpoHa B ROH8~HOM COCTO.R!illH, nony~HM CJI8-

.IJYl!Xll68 BHpallt8HH8 ,Itl1H CROpOC'l'.0: A A ( E 1) = W-f, nepexo~a 

M830MOJI8RYJIU llYTSM ,nlll]OnI.HOrO EI-nepexo~ .c KOHB81J<?H6~ H8 

aneRTpoHe H3 cocTo.Rmrn c l = 1 B cocTOJJHHe L = 0 [ 5]: 

, ( z z3 z z ~ 
). (E1)=~ me)-• _j_tI(i)I f<d>I· mee c·J. 

fl 9 mr 1.+A. 1, I t;3 • (IO) 

. 3,necI. BB8~8HH CJI8.IJYllllH8 o603H8~8HHJJ: 

cio ' i -f -i!.of ,j l . . s -Z.,/f-Kr/ 
I('f,):: J"'fRi1(f)e + Z J"'fR11(f) JUY'}0ftr e 

u D -:J 

«> 

Zol> = L(1- ~) ('(1''1<-f'+ j';'jc11,)f?,,tR + 
Z H1 } l 1 2 2 

" 
. - 00 - . 

+ (i + ~)f t[.i'''_/+~J"'i<+'1.i.Jaz V'.(z-~)z <f. (z.R) Mt J d 2 2 J .f: R 1 I « , • 

D 
(II) 

Ilomio6aocT« B~acnealdt B8.71Jl1iHH, onpe~en.ReMHX ~op.iynBMH {II), 

npl'lB~~eau B pa6ote (s]. 

x.) Pa3M8PHOOTH BOnHOBHX <fyHR~il (4a), (46) Ii (6) paBHH COOT-
" •.. -3,f . t. ~% . % . 

B8TCTB8HHO Qe a:.. 
% , , ..... - , 

a = ...lL- , 'l-<te ..:L - L + -"'- -

t.2 
Cle"· ,,..,e" ' 

" 
"' • lllt e2 • . O " rt1 • m_,... 11:1 

Be~HHa ~.lrc~)f 2 
B~acneaa B STOMHHX e.ttmmnax, 

a B8JIH~l'!H8 <of> - B M8308TOMHHX ( _e = f; - ~ = J). 

7 



S. BWJHCR6HHH6 CROp0CTH (L=i) ___; (L=O) rrepexo,na B 

M630MOR8I<yRax f cl_,;, 
1 

f ~ H o/-t;µ np~i38,lJ,8HH B Taelirnne. 

C1<opocTH ,ll;IIIIORbHOro·Oge~rrepexoita 

B M830MOR8J<Y]l8X 

. 
MesoMo-

]16:Ry]la L '1f" Evl (~B) 

pd!" 
(•) I 0 91,3 

(t) 0 0 215,7 

pt,;« 
(i-) I 0 92,2 

(f) 0 0 207,3 

d f,;« 
(i) I 0 230,I 

Cf) o 0 317,0 

Ta6mm,a 

.. 
:). 10II( -

~J>ci,. A, C 

0,90 I,23 

~' ~ 

I,24 2,32 

0,36 0,20 

I) 

BITTHCR8HHH8 sgaqeHM COOTB8TCTBYXlT.,EI-nepexo.ItSM HS COCTO

RHKfl (i) B COCTORHKB (1) ,n8HHO:li M830MORBI<yJW. BBJIW!HHa<d), 

onpe,neJISBH8R ~op.1yno:li (II), npHB6,lJ,8H8 B M8308TOMHHX S,IJ,lllillll8X 

( e =: f; = t'11~ = i ). BliqH~ReHmlJJ HaMH CROpDC'l'h nepexo,Ita B 118;0_ 

MOnexyne pd,,,,_.,. 3H8"qHT6}IbHO OT.1IH'188TCR OT B8]1H'J.lffili 

0,25·I011 ceR-1,.no.nyqeHHO:li B pa6oTe [3]. IlocROJJl,JIY ,neTaJIH 

'iHCRGHHoro pacqeTa B aTo:li pa6oTe He np.me,neHH, TO yciTasOBHTb 

npHliHHY pacXO!![,JJ;8HWJ H6 y ,JJ;8)10Cb • 

TaRHM o6pa80M, no.nyqeHHH6 8H8"q8HWJ )VlJI CI<Op0CTH nepexo.na 

IIOR83llll8IOT, qTo M830MOJl8RYJllI fo/<, r-t,,,.,. ll di,;« t b6paso-

8 
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BaBil!HSCH npH CTOJIRHOBemm r.iesoaTOMOB, otJeHb 6ucTpo nepeXO.URT 

B OCHOBHOe COCTORHHe ,u peamurn CHHTesa R,nep M830MOJ!€RYJI npo

T6RaIOT llM6HHO B 3TIIX COCTOHHllHX. 

B saRJIIOtJSHHe aBTOpaM npHRTHO no6mro,napllTb C.M. BllffiIURoro, 

H.B. IfysuHuHa, T.Il. Ifyswumy n JI.H. CoMoBa sa noMOII!b B npoBe

.nemrn: tJHCJieHHIDC pa.cqeTOB. 
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