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KparKue coo6~qtHWI OHRH N°l (27) -88 JJNR Rapid Communications No.1 (27) -88 
YAK 539.12.01:!i39.126.3 

FORM FACTORS OF THE DECAY rr+-+ e+ e-ve+ 

M.K.Volkov, A.Schaale* 

The do!Cay rr+-+ e+e-v e+ is studied in the quark model of supercon
ductivity type. The calculated form factors R and the relation ~= R/Fv 
are in a good agreement with experimental data. 

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

<l>opMcPHKTOphi pacnana rr + .. e+ e-ve+ 

M.K.Bom~oB, A.Waane 

8 KBapKOBOH MO}leJlH CBepxnpOBO}lfi!Uero THna OnHCaH pacnan 
rr +-+ e +e- 11 e +. nonyqeHHbie oueHKH JlJl.ll Q>opMQ>aKropa R H orHOllle
HHe ~= RIFv comacywrc.11 c JKcnepHMeHroM. 

Pa6or; BhinOJlHeHa B Jla6oparopHH reoperw1ecKOH QlHJHKH OHHH. 

In 111 , based on the Quark-Model of Superconductor Type 121 the 
form factors I vectorial and axial) were calculated for the decay 17--t Ef'vy. 
It has been shown that for a 1 -mesons, the relation y = F AiF v = z-1 be
comes less_thm o~e ( z:-1 = 0.7), where Z -I: 1- Sm~/m i , m u =280 MeV 
is the mass <•f the u-quark in QMST and m a -= 1275 MeV is the mass 
of the a 1 -m~son. This result for y is in gooa agreement with experi
mental data /:I- 51 . Some time ago new experimental data were published 
by the grouJ: SINDRUM 151 for the decay rr+ .. e+e-v e+, where besi
des the well- mown form factors FA and F v also the axial form factor 
R appeared, connected with the momentum of the e+e- -pair. There
for it is useful to calculate R and the relation ~ = R/Fv that is also de
termind expE·rimentally. In 15 ' the following results are given for the 
form factors: 

F v = 0.029 + ).019 
- ).014 

' FA = 0.018 +0.015 
-0.012 

y = 0.7±0.5' ~ =2.3±0.6. 

+0.028 
, R = 0.063 -0.016 ' (1) 

*Institute for High Energy Physics, Berlin, Zeuthen, GDR 
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Using 161 for determining the structure part 
"+ ... e+e-ve+ one gets: 

of the arr plitude 

(2) 

+iFA (Qak~-ga~Qk) + iR(kak$- ga~k 2 )lf;. 

where G is the Fermi constant, e is the charge of the eledron; F 
17 

, 

the constant of pion-decay F 17 = 93 MeV; f~m , the electromagnetic 
current f~m= iie(p3 ) y u e(-p 2 ) ; f ~, the weak current ~B =Uv(p)x 
xy~(l-y6 Jue(-p 1); ~,the momentum of the pair e+v lind k is 
the momentum of the pair e+e-. Only the diagrams in the l'igure con
tribute to the amplitude (2), where the a 1-meson playes an important 

c ¥ t' 
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~.~+ 
ct, ,.J 

+ _I __ .~) 

(a) (b) 

role as an intermediate particle. If only diagram (a) is used, tt,en FA and 
Fv will be equal: 

Fa) = F a) .. _!_ ~~ 
A V 8,2 F 2 ' 

y = 1. (3) 
, 

Using also diagram (b) we finally get for the form factors Fv md FA the 
expression/ 1/: Ft+b) = F~> , F :+b) = F,t>z - 1, y,., z-1 . This rtmult agrees 
with the experimental (see (1)). It will be shown that the influence of 
diagram (b) is the same for the form factor R: Ra+b)= aa> z-1 . The 
form factor R is absent in the decay ,-... 8" ii y because k2 = 0 for the 
photon, but when the e+e--pair appears, k2~ 0 and there occ ll"S a k2-de
pendence in the amplitude (2) (form factor R ). 

For the calculation of R , the amplitude for the decay :, 1 ... 17 p will 
be used, taken from I 1 I : 
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g2 21TF IT 
T r: ~ ITp) = i 7 1 piL k ~~ _ gf.l.ll pk + [ 1 + 2Z < _j! 1 ,,.w k

2 
'· 

1 BIT FIT m a.l 

(4) 

Here g Pis the constant of the decay p .... 2rr with g: /41T., 3, p and k are 
the momenta of the pion and the p -meson. Before using this expression 
for calcula1.ing the axial part of the amplitude (2) it is necessary to sub
stitute P-+··P. If we use only diagram (a) for the calculation of R, we 
get: 

R a.) 1 m~ 21T F IT 2 21T FIT 2 
-2(1+Z(--)) =F 2(1+Z(--)) 

BIT~ F2 ma. v rna. 
IT 1 1 

but, finally using both the diagrams, (a) and (b), we get for the form 
factor R and the relation ~ the following expressions: 

a.+b) -1 2rrFIT 2 -1 21TF" 2 
R = R" Fv2(Z + (--) ) =0.053, ~ =2(Z + (--) ) = 1.B3. 

mal ma. 
1 

These theoretical results agree with the experimental data (1) (remind 
that theoretical values for Fv and FA are: Fv = 0.029 and F.t\ = 0.020 111). 

At the end of this short report we wish to compare our results with those 
of the Quark-Virton Modell7/: 

F V = 0.041 FA = 0.023, R = O.OB7, y = 0.56, ~ = 2.1. 

In that mo,iel there was also taken into account the a 1 -meson. 

A comr arison of the values we have obtained for the form factors 
Fv, FA and R shows that our prediction in the QMST is slightly better 
than that iul71 (see (1)). The expressions for the form factors in the 
QMST are :malytically very simple so it is easy to compare them with 
the results of other models, for example, with the standard Quark 
Models Fv ; FA= m ~8" 2 F 2 18~ It is possible to show here that the 

1T 1T 

intermediat~ a 1 -meson plays a very important role only for an exact 
calculation of the form factor FA and the ratio y which is in a good 
agreement with the experimental data ( y becomes less than one ( y = 

= 0. 7) und,~r the influence of the al -meson). The value of R slightly 
changes aftH taking into account of the a 1 -meson. 
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CHCTEMA B CT AH,ll,APTE F ASTBUS ,ll,JlH 113MEPEHI1.H 
AHAnO r'OBbiX CHrHAnOB .D.n.H CllEKTPOMETPA C<l>EPA 

C.B.A¢laf:laCbeB, n.l1.3apy6HH, 11.<ll.KonnaKOB, B.C.Koponea, 
A.H.ManaxoB, n.K.MaHb.RKOB, A.C.HHKH¢lopoB, A.H.llap¢leHOB, 
A.B.llHnFip, B.A.CMHpHOB, E.XMeneacKH 
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P lCCMarpHsaeTCR CHCTeMa B CTaH}.J.apTe F ASTBUS AJU1 H3MepeHHR 
6biC'rpbiX aHanoroBbiX cHrHanos Ha ycTaHOBI<e CCIIEPA. CHCTeMa no
crpc eHa Ha ocHose 16-I<aHaJibHoro 8-pa3pMHoro AIUI B CTaH}.J.apTe 
FASTBUS, CTaHAapTHoro HHTep¢leiicHoro MOAYJIR FIORI H conpR
)f(eHilbiX C HHM perHCTpoB, ocymeCTBJIJIIOIUHX 06MeH ,1:\aHHibiMH Me)f(
AY l.tarHcrpanRMH FASTBUS H KAMAl<. Pa6oTOii CHCTeMbi ynpas
JIRel MHI<po3BM "3nei<TpoHHI<a-60", CBJI3aHHaR qepe3 I<OHTponnep 
c MHHClpaJibiO I<peiin KAMAK. llporpaMMHoe o6ecneqeHiHe, npHMe
Hem oe B CHCTeMe, fi03BOJIJieT ocymeCTBHTb CBJI3b 3BM C MarHCT· 
pamiO FASTBUS, TecTHpoBaHHe MO,I:\yneii, coop H o6pa6oTI<Y ,1:\aH
HbiX, a Tai<)f(e npeJlCTaBJieHHe pe3yJibTaTa B BH,I:\e fHCTOrpaMMbl. 
namraR CHCTeMa npHMeHeHa Ha CTeH,I:\e yCTaHOBI<H CCIIEPA AJUI CHR
THJI tapai<TepHCTHI< CUHHTHJIJIRI.UiOHHbiX fO,I:\OCI<OfiOB. 

p lOOTa BblfiOJIHeHa B na6opaTOpHH BbiCOI<HX 3HeprHH 011.RI1. 

F ABTBUS System for Measurement of Analogue 
Sigr1als for SPHERE Spectrometer . . 
S. V. Afanasiev et al. 

A F ASTBUS system for measurement of analogue signals at 
SPH ~RE experiment stand is described. The system based on 16~han
nel B-bit flash ADC F ASTBUS module, standard FIORI interface mo
dule connected with CAMAC input/output registers realizes data 
tram fer between F ASTBUS and CAMAC data ways. Operation of the 
systfm is controlled by "Elektronika-60" microcomputer connected to 
.the CAMAC crate controller. Software used in the system permits one 
to nalize communication between FASTBUS dataway and computer, 
mod lle testing, data acquisition and processing, and the result represen
tation as a histogram. The described system was applied at the stand of 
SPH ~RE experiment for measuring the characteristics of scintilla
tion hodoscope. 

T 1e investigation has been performed at the Laboratory of High 
Energies, JINR. 



1. BBE.D:EHHE 

PerncTpnpyiOI.UaH annapaTypa cospeMeHHbiX cneK1 poMeTpos, 
DpHMeHJieMaH B o6naCTH !PH3HKH 3neMeHTapHblX llaCTiil.l, JCaK DpaBH
JIO, .shlDonHReTca a cTaH,IJ;apTe F ASTBUsll/. qucno peruCT ;mpyiOI.UHX 
KaHMOB cyr.uecTBYIOI.UHX H C03rolBaeMbiX CDeKTpOMeTpOB AOCTHraeT 
AecRTKOB H coTeH TbiCRll. illHHa F ASTBUS HMeeT HaH6om.rnee 6biCT
poAeifcTBHe H3 cyr.uecTBYIOI.UHX 32-pa3pRAHbiX UIHH- AO ''0 M6aifT/c 
H o6ecneliHBaeT perHCTpaQHIO DOTOKOB co6biTHH AO 107 B ceKYHAY. 
ApxnTeKTypa cncTeMbi FASTBUS no3sonaeT opraHH3osa·l'b MOAYnb
HbiM o6pa30M npaKTHllecKH ni06bie csepx6onhii1He cncTeM&I npu 
CaMOH HH3KOH, DO CPaBHeHHIO C ApyrHMH CTaHAapTaMH, CTOHMOCTH 
KaHana perHCTpaQHH/2/. . 

B na6opaTopHH BbiCOKHX 3HeprHH OHHH B uacTOJIIQee BpeMR 
C03AaeTca PRA cospeMeHH&IX 3KcnepnMeHTanbH&IX ycTaHOBOK, npeA
Ha3Hat~eHH&IX AnR HCCneAOBaHHH B o6naCTH !PH3HKH BbiCOKHX 3Hep
rHH, B KOTOpbiX npeADOnaraeTCJI UIHpOKOe HCDOnb30BaHHe 3neKTpO
HHKH B CTaH,IJ;apTe F ASTBUS. llepB&Ie pa3pa6oTKH B 3TO M CTaH,IJ;ap
Te 6&mH npnMeHeH&I B cneKTpoMeTpe Cci»EP A, npeAJ~a3HalleHHoM MR 
uccneAOBaHHR MHO)KecTBeHHoro KYMYnRTHBnoro po)K,ZJ,et!HR llaCTHU 
B reoMeTpHH, 6nH3KOH K 4rr/3 /. 

2. OllHCAHHE CHCTEMbl 

B CBJI3H c HH3KHM B&IXOAOM H3yt~aeM&Ix nponeccos ycTaHOBKa 
Cci»EPA AOn)I(Ha perncTpHpoBa'rJ> BhiCOKHe HHTencusuocrn nyt~KoB 

qacTHU (109+1011 qacmu/c), 
liTO npeA'bRBnReT DOBbJUieH
Hble Tpe60BaHHJI !C BpeMeH
HbiM xapaKT·~pHCTHKaM 

3neKTpOHHOH ar:napaTypbi. 
HannliHe B ycTaiiOBKe ue
cKonhKHX T'biCJill HH!PopMa
QHOHHblX KaHMOII pa3HOrO 
THDa Tpe6yeT HOBUrO DOAXO· 
Aa npu pa3pa6oTK1! 3neKTpo
HHKH C'beMa AaHHblX. fl3 BCeX 
cyr.uecTBYIOI.UHX < TaHAapTOB 
HaH6onee DOAXOAHI.UHM MR 

16 I<AHA/108 
A.ETEKTOPbl 

I 
I 
I 

r---L---~----~~ I 
I 
I 
I 
I 

_____ _j 

OIJ!Tl] B K 
M A 

KPEii1T 
FASTBUS 

KPEii1T 
KAMAK 

Puc.J. ElloK-cxeMa cucTeMbl 
a cranoapre FASTBU') 01111 U3Me
peHUR QHfi/IOZ06blX CUZHfl/106 

Ha ycranoeKe CtDEPA. 
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peweHHR 3aAa'l 6biCTpOrO C'bCMa H OT6opa C06biTHH B :3TOH YCTaHOBKC 
.RBJI.ReTC.R F ASTBUS. Ha ocHoBe 3Toro CTaHAapTa 6bma pa3pa6oTaHa 
cucTeMa AJIH H3MepeHHH aHanoroBhiX cnrHaJIOB Ha ycTaHOBKe Cel>EP A 
(pnc.1). BucTpbie aHanorOBbie cnrHaJihi npeo6pa3yJOTc.R B UH<f>poBbie 
KOAhl 16-K:lHaJibHbiM 8-pa3p.RAHhiM aHaJIOrO-UH<f>pOBbiM npeo6pa30-
BaTCJICM, Bl.IUOJIHCHHhiM B CTaHAapTe F ASTBUS. ,D;nana3oH H3Mep.Re
MhiX aHaJIOrO-UH<f>pOBbiM npeo6pa30BaTeJICM (A!lll) CHrHaJIOB CO
CTaBJI.RCT ±~: B, speM.R npeo6pa30BaHH.R - 40 He. C'IHThiBaHHe HH<f>op
MaQHH H3 A u;n no wnHe F ASTBUS npon3BOAHTC.R perncTpoM BBOAa
BhiBOAa FIORI/4 / OAHOBpeMeHHo c ABYX KaHanos. 3ToT MOAYJib pea
JIH3YeT npo fOKOJI ynpaBJICHH.R H nepeAa'IH AaHHbiX no MarHCTpaJIH 
AJI.R cerMeHra (KpeifTa) FASTBUS u ocymecTBJI.RCT CB.R3b c BHewHeif 
3BM. llepeAa'la AaHHhiX u ynpaBJI.RIOI.UHX MOAYJICM FIORI <PYHK
unif npOH3E OAHTC.R qepe3 ABa 16-pa3p.RAHhiX AByHanpaBJICHHbiX pe
rHCTpa ci>,ZU·, BhinOJIHCHHhiX B CTaHAapTe KAMAK. B peaJIH30BaHHOH 
B HacTo.Rmee speM.R cxeMe CB.R3H MarncTpaneif F ASTBUS u KAMAK 
3JICMCHTOM ynpaBJICHHR npOQCCCOM 06MeHa .RBJI.RCTC.R MHKp03BM 
"3neKTpOHHKa-60". 0Ha CB.R3aHa c MarncTpaJiblO KpeifTa KAMAK, 
B KOTOpOiv pacnOJIO)KCHbl MOAYJIH Cl>)J;P, qepe3 ·Apaifsep BCTBH 
HBM-861/ 51 u KOHTponnep KpeifTa Tuna A. MHHHMaJibHoe speM.R 
AOCTyna K cerMeHTY F ASTBUS, nony'leHHoe B cncTeMe, cocTasuno 

60 MKC , 'ITO o6ycJIOBJICHO HH3KHM 6hiCTpOACHCTBHCM 3BM 
u FIORI, .:VI.R KOToporo Tpe6yeTC.R HecKOJihKO UHKJIOB KAMAK 
Ha OAHY KOMaHAY. llOJIHOC BpCM.R o6pa60TKH AaHHhiX COCTaBJI.RCT 
1+3 MC, 'ITO XOpOWO COrJiaCyeTC.R C BpCMCHHbiMH xapaKTCpHCTHKaMH 
nOA06HbiX CHCTCM/ 7 /. 

3. llPOrPAMMHOE OBECnEqEHHE 

llporpaMMHOC o6ecne'ICHHC CHCTCMbl HMCeT ABYXYpDBHCBYlO 
CTpyKTypy, n03BOJI.RlOI.UYlO pa3ACJIHTb 3aAa'IH c6opa HH<f>opMaQHH, 
onepaTHBHOrO ynpaBJICHHR, o6pa60TKH H npCACTaBJICHHR pC3YJibTaTa. 
Ha 6onee BbiCOKOM ypoBHe c6opa HH<f>opMaUHH u ynpasneHHR npo
rpaMMa patioTaeT KaK onepaTHBHa.R 3aAa'la onepaunoHHOH cncTeMbi 
RT-11. llpn 3TOM oHa ocymecTBJI.ReT HHHQHaJIH3aUHIO MOAyneif, cB.R3b 
3BM c AI.UI no npoToKony FASTBUS, TeCTHpOBaHHe H noArOTOBKY 
AaHHbiX AJif[ AaJibHeHWCH o6pa60TKH, KOTOpa.R npOH3BOAHTC.R <f>oHO
BOH nporpavtMoif. Peanu3oBaTb yKa3aHHhie B03MO)KHOCTH no3BOJIHJIO 
HCnOJib30Ba:me KOMnJICKCa nporpaMM rHCTOrpaMMHpOBaHH.R 
MULTI-FBI'>/. 

CncTeMa 6bma ucnoJib30BaHa AJI.R CH.RTHR xapaKTepncTHK MOAY
neif CUHHTH IIJI.RUHOHHhiX roAOCKonos ycTaHOBKH Cel>EP A. Ha puc.2 
AJI.R HJIJilOCTpaUHH npHBCACH cneKTp, noJiy'ICHHbiH OT HCTO'IHHKa 90 Sr 
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0 

~50 
-:T 

~==~==~~~·====~ C~uHTU/Vli!TOP Cseroso~ ~ 
400-3•3 MM ,20QIC3x3 MM 

20 40 60 

~ucno •aHanos 1611Un 

4. 3AKJIIOqEHI1E 

CO CIJ;HHTHJIJI.RI ~HOHHOrO 

C11eTtiHKa C p~Ha1'0pOM Ha 

OCHOBe DOJIHCTHpOJJa pa3Me

paMH 400x3x3 MM H caeTo

BO,[(a H3 oprcTeKJia ,[(JIHHOH 

1200 MM H ceqeHHeM 

3x3 MM2 . 

Puc.2. AMnnuzyoHbl.i cneKrp, 
nolly'leHHblU OT UCTO'I'IUKQ 90Sr 
C OOHOZO U3 C'leT'IUKOtl CJ4UHTUil
llJif4UOHHOZO ZOOoC1Wna cneKT
po.MeT[JQ ClPEP A. 

J13 CKa3aHHOrO BH,[(HO, 'ITO ,[(aJibHenmee DOBblllleHHE 6biCTpO

,[(eHCTBH.R CHCTeMbl MO:>KeT 6&ITb nony11eHo DYTeM npHMeEemm 6o

Jiee 6biCTpoH annaparypbl CB.R3H C 3BM, a TaK:>Ke HCDOnb30BaHH.R 

6biCTphiX HHTep<Pencoa F ASTBUS, 6hiCTpo,[(encTBYIOI.UHX 3anOMH

HaiOI.IJ;Hx ycrpOHCTB H npOH3BO,[(HTeJibHbiX MHKpOnpou;eCCC•pOB (Ha

DpHMep, MC-68020) • 

OnhiT pa3pa6oTKH AaHHon cHcTeMhi H MOAyneu F AS~'BUS Mo

:>KeT 6hiTb HCDOJib30BaH ,[(JI.R C03,[(aHH.R HOBOrO DOKOJieHH.R COeKTpO

MeTpOB a $H3HKe 3JieMeHTapHbiX qacTHU, a qacTHOCTH yH~mepcan&

Horo KanopHMeTpH11ecKoro ,[(eTeKTopa Ha acTpe11HhiX nyqKax YHK 
a Cepnyxoae. 
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JJNR Rapid Communications No.1 [27] -88 

AHHI1ri1JIH.QI1JI ll0311TPOHOB 
B BbiCOKO~~EMllEP ATYPHOM CBEPXllPOBO,LJ;HHKE 

YBa 2Cu 3o7 _8 
.R.Baspbtmy:<,T.rosopeK 1, A.I1.11BaHOB 2, M.JieBaHAOBCKH, 
n.Ma3ypeK 1, B.H.Pbt6aKOB, H.<l>.YtJeBaTKHH 2' H.A.IOTJiaHAOB 

J13)"1eHa aHHHfHJIJIUHJI ll03HTpOHOB B o6p3311;3X BblCOKOTeMnepa
rypHOH csepxnpoBOAJillleif KepaMHKH Y Ba 2 Cu 3 0 7 -8. lloKaJa
Ho, 'ITo nMeHeHHe xapaKrepa aHHHrHJI.IIUHH npH nepexone B csepx
npoBOAJilllee COCTOJIHHe OmOCHTeJibHO HeBeJIHKO. J13MeHeHHJI BpeMeH 
lKH3HH [ 03Hrp0HOB T 1 H T 2 , a TaKlKe HHTeHCHBHOCTii KOMUOHeHTbl 
J 2 H A<lflUJiepOBCKOfO ylliHpeHHJI aHHHfHJIJIUHOHHOH y·JIHHHH (na
paMerpa S) no3BOJIJIIOT npennonaran., 'ITO nepexon B csepxnposo
A.IImee COCTOJIHHe COUpOBO)I(AaeTCJI HeKOTOpblM yMeHbWeHHeM 
JJieKrpOliHOH nnomOCTH H yMeHbWeHHeM 'IHCJia HJIH yseJIH'IeHHeM 
p33MepoB ne<t>eKTOB KpHCTaJIJIH'IecKOH peweTKH. 

Pa6oTa BblUOJIHeHa B Jla6oparopHH JIAepHblX npo6neM mum. 

Positron Annihilation in a High-Temperature 
Superc<;nductor Y Ba 2 Cu 3 0 7 -8 

Ya.VaVJ;•shchyuk et al. 

Positnn annihilation as a function of temperature in high-tempera
ture ·surerconductors Y Ba 2Cu 30 7-8has been investigated. It is 
shown t1at a change in the annihilation capacity at the transition 
into surerconducting state is relatively small. The change of 
r 1 and r 2 positron lifetimes as well as of the intensity of the com
ponent ·'lith r 2 - J 2 and Doppler broadening S parameter al
lows on•· to assume that transition into superconducting state is ac· 
compani·:d with a certain decrease in electron density and with de
creasing mmber of defects or increasing size of crystalline net. 

The investigation has been performed at the Laboratory 
of Nucle 1r Problems, JINR. 

1 HHcrury r rjjU3UKU YHueepcurera M.K10pu-CKIIOOOBCKOU, H10611UH. 
2·lJCeC010"'HbJU HOYIIHO·UCCIIe0080TetlbCKUU UHCTUryT Me7pOIIOZUU 

UM.)!.H.MeHiJt 11eeea, DeHuHzpaiJ. 
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BBE)lEHHE 

Caepxnpoao.n;HHKH Tuna La-Ba-Cu-0 1 11 a F.acToHmee 
BpeMH HHTeHCHBHO H3y'la10TCH BCeMH AOCTYnHhiMH MeTo,n;arrn. He HB· 
nHeTCH HCKnJO'leHHeM H MeTOA aHHHrHnHUHH U03HTpOHOB, oco6eHHO 
llYBCTBHTenhHhiH K CTpyKType Bei.QecTBa. llapaMeTphi, OUHChiBaJOI.QHe 
npouecc aHHHrHnHUHH (BpeMH :>KH3HH U03HTpOHa, WHpHHa HMnynhC· 
HOrO pacnpe.n;eneHHH ::meKTpOHOB cpe,n;hl/ 21) , 06hl'lHO cyn~eCTBeHHO 
H3MeHHJOTCH a TO'IKe «Pa3oaoro nepexo.n;a. HecMoTpH Ha pa:•oqapoahi
aaroi.QHe pe3yn&TaThi, nony'leHHhie a nHTH.n;ecHThiX ro.n;ax nJ:H ucnon&-
30BaHHH o6hl'lHhiX MeTannH'lecKHX CBepxnpOBOAHHKOB/ 3-)/ , npe.n;
CTaBnHeTCH uenecoo6pa3HhiM npocne.n;HTh 3a noae.n;eHHeM napaMeT
poa aHHHrHnHUHH B o6naCTH nepexo.n;a (T c) BhiCOKOTeMnepaTypHhiX 
caepxnpoBOAHHKOB. B nepaoH: TaKoH: pa6oTe 16! ucnon~3oaanac& 
TeXHHKa H3MepeHHH ,n;onnnepOBCKOrO ywupeHHH aHHHrHn 'IUHOHHOH 
y-nHHHH 511 K3B Ha o6pa3uax La-Sr-Cu-0 u Y- Ba -Cu- 0 . 
B nocne.n;yromux 3KcnepuMeHTax/7 ,8/ .n;nH o6pa3UOB Y- Ba- Cu- 0 
KpoMe .n;onnnepoacKoro ywupeHHH H3Mep~~nuc& TaiOKe apew1eHa :>KH3-
HH no3HTpoHOB. Heo.n;H03Ha'lHocTh, a no.n;qac npomaopequaocTb 
pe3yn&TaTOB 3THX pa60T ,n;enaeT HaCTOHTMbHO H006XOAHHhiM npo-
AOn:>KeHHe no.n;o6H&IX uccne.n;oaaHHH. • · 

B HacToHmeH: pa6oTe npe.n;craaneHhi pe3yn&TaThi H3MeJ:eHHH ape
MeH :>KH3HH no3HTpoHOB a o6pa3uax Y Ba 

2 
Cu 3 0 7 _ 8 11 .n;onnne

poacKoro YWHpeHHH aHHHrHnHUHOHHOH y -nHHHH B HHTepaane TeMUe
paTyp 80-130 K. 

METO)lHKA 3KCllEPHMEHTA 

l13MepeHHH BpeMeH :>KH3HH U03HTpOHOB npOBO.n;Hnl! Cb C UO· 

MOI.UbJO apeMeHHoro cneKTpOMeTpa yy -coana.n;eHHH c ABfMH KpH
cTannaMH BaF 2 pa3MepoM 0 38x25 MM. 3HepreTH'lecKoe pa3pe
weHHe o6oux CUHHTHnnHTopoa c «t>oToyMHO:>KHTenHMH XP2020Q 
Ha nHHHH 1333 K3B 6° Co COCTaBnMO 7%. )lnH ycTpaHelfHH HCKa· 
:>KeHHH: «t>opMhi apeMeHHoro cneKTpa npu 6on&wux 3arpy3KaX a ue
nu oT6opa coana.n;eHHii 6hmH BKnJO'leHhi 6noKH, oT6pacbmaromue 
HMnyn&Chi Hano:>KeHHH:. B ycnoaHHx 3KcnepnMeHTa (npu Bhi6ope 
y-KBaHTOB 1274 H 511 K3B) BpeMeHHOe pa3peweHHe cm·KTpOMeT
pa COCTaBnMO 2r

0 
= 220 UC. <l>opMa KpHBOH MrHOBeHHhiX COBna,n;e

HHH, nonyqeHHOH c 6° Co , coomeTcTaoaana o.n;HoMy rayct:oacKOMY 
pacnpe.n;eneHHro annoTb .n;o 0,001 .n;onu nonHoH ee BhiCOTU. Kanu6-
poaKa BpeMeHHOH WKMhl COCTaBnHna 22,0 (1) nc/KaHM. 

)lonnnepOBCKOe ywupeHHe aHHHrHnHQHOHHOH y -nHHHH 
511 K3B (napaMeTp «t>opMhi 8 ) H3MepMOCb peHTrl!liOBCKHM 
Ge(Li) ·AeTeKTOpOM C 06'beMOM 1 CM 3 H 3HepreTH'leCKHM pa3pewe
HHeM 1,02 K3B Ha nHHHH 512 K3B 106Ru, 3HepreTH'leCKaH QeHa 
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KaHana COCT.lBJIHJia 0,080 K3B. HecTa6HJibnOCTb noJIO:lKeHHH JIHHHH 
511 K3B OT H3MepeHHH K H3MepeHHIO He npeBbiiiiana O~HOrO KaHana. 

,llnH TeMnepaTypHhiX H3MepeHHH o6pa3Uhi YBa20Js07 -8 no
MeiUanHch B BaKyyMHhiH KpHOCTaT (p:::1Q-3 Topp) UHJIHH~pHqecKon 
cpopMbl ( ¢ = 18 MM), OXJia~aeM~IH :lKH~KHM a30TOM. 113MeHeHHe 
TeMnepaTyphi ocymecTBJIHJIOCb nyTeM no~orpeBa npoMe:lKYTO~oro 
nOJIOrO Me~:IOrO UHJIH~pa TOKOM, npoTeKaiOIUHM qepe3 HaMOTaHHYIO 
Ha Hero 6HcpffnHpHhiM cnoco6oM o6MOTKY. B 3TOT UHJIH~p BCTaBJIHJI
cH ManhiH Me~HhiH UHJIHH~p, B npope3H KOTOporo nJIOTHO pa3Meman
CH o6pa3eu. TeMnepaTypa o6pa3ua H3Mepanacb OTHOCHTeJihHO TeMne
paTyphi :lKH.Z:,KOrO a30Ta C nOMOI.UbiO Me~b-KOHCTaHTaHOBOH TepMona
pbl. HanpH)I<eHHe, CHHMaeMoe c TepMonaphi, cny:lKHJio o~HoBpeMeHHO 
~JIH cTa6HJII<3aQHH TeMnepaTyphi ( KoppeKUHH TOKa o6MOTKH) . Pa3pa-
6oTaHHaH Ha MH CHCTeMa CTa6HJIH3aQHH n03BOJIHJia nOMep:lKHBaTb no
CTOHHHYIO THMnepaTypy o6pa3Qa C TOqHOCTbiO Jiyqiiie 0,3 K B HHTepBa• 
ne 79-200 K 

11cToqHffK no3HTpOHOB aKTHBHOCTbiO - 30 MKK 6biJI npHrOTOB
neH H3 BO~HOrO paCTBOpa 22NaCl nyTeM HCnapeHHH Ha HHKeJieBOH 
cponbre .TOJI~HHOH 1,2 MKM, llOKpbiTOH CJIOeM 30JIOTa TOJIIUHHOH 
50 A. Iln:oma~h HCToqHHKa cocTaBJIHJia - 8 MM 2. 

06pa6c TKa BfeMeHHhiX cneKTpOB npoBo~nacb no nporpaMMe 
POSITRONI'IT 19 Ha MHKpo3BM THna IBM XT, Bxo~Hmen B cocTaa 
H3MepHTeJibiiOH annapaTypbi. llonpaBKa Ha aHHHrHJIHUHIO n03HTpOHOB 
B HHKeJieBOj:f nOMO:lKKe (- 8%) He Y~ThiBanacb. llpH 3TOM no~ro
HOqHbiM napaMeTpOM cqHTanOCb TaK:lKe BpeMeHHOe pa3peiiieHHe 
cneKTpoMer)a 2 r 0 • 3HaqeHHH 2 r 0 , nonyqaeMbie H3 no~roHKH, Haxo
~HCb B. npe~enax 222-225 nc. B Ka~oM BpeMeHHOM cneKTpe 3a
perHcTpHpOHaHO 2: 1,2· 106 COBn~eHHH. 

,l(JIH HE 6JIIO~eHHH H3MeHeHHH cpopMbl aHHHrHJIHUHOHHOH y-JIH
HHH C TeMnBpaTypOH o6pa3Qa BhNHCJIHJICH napaMeTp 8: OTHOIIIeHHe 
qHcJia OTCq€TOB B 14 KaHanax ueHTpanbHOH qacTH nHKa 511 K3B 
K CYMMe OT1!qeTOB B ~BYX OKHax (no 18 KaHanOB Ka~Oe), pacnOJIO· 
:lKeHHhlX Ha frO JieBOM H npaBOM CKJIOHax. 

OBPA3Uhl Y Ba 2 Cu 3 0 7 _ 0 

11ccne~ Y'eMhie o6pa3Uhi 6J:>IJIH npHroTOBJieHhi nyTeM cneKaHHH 
CMecH OKHCJIOB Y 2 0 3 , Ba0 2 , Cu0 B J1a6opaTOpHH H~epHbiX 
npo6neM OH.fl11 (o6pa3eU ~ 1) H Y 2 0 3 , BaC0 3 , CuO - B 11H
CTHTyTe cpH:IHKH YHHBepcHTeTa M.KropH-CKJio~oBCKOH B J1ro6JIHHe 
(o6pa3Uhi N' 2 H N2 3). TeMnepaTypa cneKaHHH 950° C, TeMDepazy
pbi cBepxnpoBO~HIUero nepexo~a T c - 96, 86 H 95 K cooTBeTcT
BeHHo. XapaKTep 3aBHCHMOCTH R ( T) no3BOJIHJI npe~ono:lKHTb, 

qTO BCe TpH 1l6pa3Ua He 6hiJIH O~Hocpa3HhiMH. 
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PE3YJibTAThl H3MEPEHH:A H OBCY)I(,llEHHE 

B cneKTpax apeMeH )f(H3HH no3HTpOHOB B ucCJie,zzyel\IJ>IX o6pa3-

uax MO)f(HO BbJAeJlHTb TpH KOMnOHeHTbl C r 1 ~180 nc, r 2 .= 350 nc 

H r 3 :: 1,9 HC. llpH 3TOM HHTeHCHBHOCTb CaMOH ,IJ;OJirO)f(HB;{LUeH KOM

noHeHTbl J 3 He npeBbilllana 0,55%, a J 2 H3Mewmacb ''T o6pa3ua 

K o6pa3UY B npe,u;enax OT 8 ,IJ;O 17%. llonblTKH Bbl,IJ;eJleHriH TOJlbKO 

.u;ByX KOMnOHeHT npHBO,u;HJIH K Cyi.UeCTBeHHOMy yxy,u;lllel' HJO npHBe

,u;eHHOro x 2 (c - 1,1 npu Tpex KOMnOHeHTax .u;o - 1,3 apu .u;ayx) 

H 3HaqeHHHM r 
1 

= 190 nc H r 2 = 480 nc. TaK KaK B uccne.u;yeMOM 

,u;HaDa30He TeMOepaTYp He 6hlJIO o6Hapy)f(eHO H3MeHeHHii BpeMeHH 

T 
3 

, OKOHqaTeJlbHaH o6pa60TKa BCeX BpeMeHHblX cneKTpOB npOBO,IJ;H

JiaCb npH cpHKCHpOBaHHOM ycpe,u;HeHHOM 3HaqeHHH 3TOrO napaMeTpa. 

llpoae.u;eHHbie HaMH H3MepeHHH B .u;uana3oHe TeMDepaTyp 

80-130 K H npu KOMHaTHOH TeMDepaType noKa3aJIH, uo ~3MeHeHHe 

xapaKTepa aHHHrHJIHUHH n03HTpOHOB B HalllHX o6pa3UaX llpH HX ne

pexo,u;e B CBepxnpoBO,IJ;HJ.Uee COCTOHHHe OTHOCHTeJibHO I' e60JiblllOe. 

Hau6onee qeTKO oHo npOHBHJIOCb Ha o6pa3ue N~ 2 (eM pucyHoK) • 

BH.u;HO, qro nepexo,u; B CBepxnpOBO,u;HI.Uee COCTOHHHe npHBO,!J;HT 

K yaeJiuqeHHJO r 1 H r 2 , yMeHbllleHHJO HHTeHC~BHOCTH J 2 • H napa

MeTpa S . 
ECJIH cqHTaTb, qro KOMnOHeHTa C T 1 :: 180 nc CBH3llHR CO CB0-

6o,u;HOH aHHHrHJIHUHeH n03HTpOHOB B Me)f()J;yy3MbHOM npC,CTpaHCTBe, 

Ha6nJO,u;aeMoe He6oJiblllOe yaenuqeHne r 1 npu nepexo1;e o6pa3ua 

B CBepxnpOBO,IJ;HI.Uee COCTOHHHe MO)f(eT CBH,IJ;eTeJlbCTBOBaTJ, 0 HeKOTO

pOH nepecTpoHKe 3JieKTpOHHOH CTpyKTypbi, npHBO,IJ;HI.Ueii K yMeHb

llleHHJO 3JleKTpOHHOH nnoTHOCTH. KoMnOHeHTY c apeMeHeM r 2 =350 nc, 

THnHl!HblM ,u;JIH aHHHrHJIHUHH n03HTpOHOB, 3axaaqeHHblX ,J;ecpeKTaMH 

KpHCTaJIJIHqecKOH pellleTKH, CJie,u;yeT, no BCeH BH,u;HMOC':'H, CBH3aTb 

C KHCJIOpO,D;HblMH BRKaHCHHMH. YMeHbllleUHe HHTeHCHBHOC:TH J 2 H na

paMeTpa S npu T < T c no3BOJIHeT npe.u;noJIO)f(HTb, qTc· KonuqecT

BO 3THX ,u;ecpeKTOB B CBepxnpOBO,u;HI.UeM COCTOHHHH yMeHblllaeTCH. 

YaenHlleHne r 2 MO)f(HO CBH3aTb c yMeHbllleHHeM 3JieKTpc HHOH nnoT

HocTH HJIH yaenHlleHHeM pa3MepoB .u;ecpeKToB. Cna6aH I<OMDoHeHTa 

C BpeMeHeM r 3 :::. 1,9 HC o6'bHCHHeTCH, no BCeH aepOHTH::>CTH, o6pa-

30BaHHeM no3HTpOHHH B nopucroif CTPYKType MeTannooi<cH,u;HoH Ke

paMHKH. 

B pa6oTe/7 1 ymep)f()J;aeTcH, uo apeMH )f(H3HH r 1 139±7 nc) 

He 3aBHCHT OT TeMDepaTypbl o6pa3Ua; BpeMH )f(H3HH r 2 (-210 nc) 

npu nepexo.u;e o6pa3ua B caepxnposo.u;HI.Uee cocTOHHI- e 3aMeTHo 

yMeHI>lllaeTcH, a J 2 (- 30%) yaenuquaaeTcH. llpu 3TOJ~ cTpaHHo, 

qTO napaMeTp 8 B CBepxnpOBO,IJ;HI.UeM COCTOHHHH Yl\1 eHblllaeTCH, 

KaK H B HalllHX 3KCnepHMeHTaX. B03MO)f(HOH npHqHHOH p~ CXO)f(,!J;eHHH 

pe3yJihTaTOB pa60Tbl/ 7 /c HalllHMH HBJIHeTCH pa3JIUliHe COC TaBa 06pa3-

UOB. 
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TeMneparypHflJI 308UCUMOCTb napaMerpoe r 1, r 2 , J 2 u S. llyHKTUpHOU IIUHueu 

o6o3HQIIeHbl ~eiJHue 3Ha'leHUR napa.Merpoe dtul o611acTeil Bblwe u HWICe T c. 

eo ~0 90 100 110 110 
&...,: 

B 3Kt:nepHMeHTax /6 1uccne.IJ;OB8JlOC& TOn&KO ,IJ;onnneposcKoe 
ywupeaue aHHHI'Hn.RUHOHHOH nHHHH. Pe:Jyn&T8Thi no o6pa3UY 
Y- Ba- Cu- 0 He npoTHBOpe<laT aawnM .IJ;aHHbiM. 

B pa6oTe fBI aa6mo.IJ;8JlOC& aHOMan&Hoe nose.IJ;eaue senH'IHH r 1, 
r 2 H J 2 B paiioae TeMnepaTyp&I Tc . BpeMeHa r 1 H r 2 noKa3&ma
lOT pe3KHH MaKCHMYM c nonywupHHoii - 1 K, a J 2 - rny6o:KIIH 

MHHHMyM. UpH 3TOM 3Ha'leHH.R r1 H r2 B&Iwe H HIDKe Tc cornacy
JOTCH c Ha JIHMH pe:Jyn&TaTaMH s cnyqae pa3no:>KeHH.R speMeHHoro 
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cneKTpa Ha 2 KOMnOHeHTbi. KpoMe Toro, B pa6oTe/8/ Ha6mo.nanocb 
Heo6hitrnoe yaennlleHue apeMeHH TepMaJIH3aUHH no3HTJ: oHa t 0 

(Ha - 130 nc) npu TeMneparype T c • TaKoe aHOManhHOe noae,neHue 
aHHHrHn.fiQHH He 06Hapy)l(eHO HH B HallleH pa6oTe, HH B pa6onl7 (TeM 
He MeHee HaMH 6bin OOCTaBneH ,nononHHTenhHbiH 3KcnepHMeflT, HMefO
IUHH uenbfO ,neTaJibHO npocne,nHTb 3a H3MeHeHHeM t 0 B 3aB¥. CHMOCTH 
OT TeMnepuyphi o6pa3ua NQ 2. ,ll;n.R 3Toro perncTpnpoaanocb liHcno 
COBna,neHHH B OKHe, YCTaHOBneHHOM Ha neBOM CKflOHe BpeMeHHOH 
KpHBOH, DJ>H HenpepbiBHOM H3MeHeHHH TeMnepaTypbl o6pa3Ui CO CKO· 
pocThfO 1 B 4 MHHYThi. llonylleHHbiH pe3ynLTaT no3BOn.fiET ymep
)l(,z:(aTh, liTo c TOliHOCTbiD 20 nc t 0 a pauoHe T c ocTaeTc.fl llocTo.RH
HhiM. 

CpaaHeHne H3flO)I(eHHhiX pe3ynLTaTOB no3Bon.ReT cKa3:tTb, liTo: 
a) nepexo.n o6pa3UOB Tuna Y- Ba- Cu- 0 B caepxnpo BO,n.Rmee 
COCTO.fiHHe OTpa)l(aeTC.fl Ha xapaKTepe npouecca aHHHrHn.fiU~H 003H· 
TpOHOB; 6) DO BCeH aepO.RTHOCTH, npouecc aHHHrHn.fiQHH 1103HTpO
HOB llpe3BbNaHHO liYBCTBHTeneH K .z:(eTaJI.fiM BHyTpeHHeH CT JYKTyphi 
o6pa3UOB H TexHonoruu ux npuroToaneHH.fl. 3To no.nTaep)l(.z:(aeTC.fl 
npOTHBODOflOli<HOH TeMnepaTypHOH 3aBHCHMOCTbfO r 2 , J 2 E .z:(aHHOH 
pa6oTe H B /7/, a TaK)I(e HX pa3nH11HhiMH a6confOTHhiMH 3HaliEHH.fiMH. 

TaKHM o6pa3oM, eCTb Ha,ne)l(,na, liTO cncTeMaTHllecKoe il3ylleHHe 
aHHHrHn.fiQHH 003HTpoHOB B MeTaJiflOOKCH.z:(HhiX KepaMHKa !C MO)I(eT 
OOMOllb DOH.fiTb HeKOTOpbie Oco6eHHOCTH MeXaHH3Ma BbiCO:<OTeMne
parypHOH CBepxnpOBO.z:(HMOCTH H COBepllleHCTBOBaTb TeXHOnOrHfO 
H3rOTOBneHH.fl CBepxnpoBO,nHHKOB. 

B 3aKniDlleHne aBTOphi Bhipa)l(afOT 6naro.napHOCTb npoq>eccopaM 
K.H.rpoMoay u U.Bhmoey 3a nocTo.RHHhiH HHTepec u cTnMvnupoea
HHe HacTo.Rmeu pa6oThi, 3.CKoJKHHCKoMy, A.K.KullaJIKHHY 
H AJ1.AKaTOBy 3a TeXHHllecKyiD OOMOIUb B OOCTaHOBKe 3KC11epHMeH
Ta. 

ABTophi TaK)I(e 6naro.nap.RT pyKoao.nnTen.R nporpaMMhi 
CPBP 01.09. llHP 3a co.neucreue B BhmonHeHHH HacTo.Rmero uccne.no
BaHH.fl. 
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KpaTKue coo614eHUJ1 OHJIH N"l [27] -88 
YAK 535.375. >4 

JINR Rapid Communications No.1 £27] -88 

TPEX30HHbiE 3KCI1TOHHbiE llOJUIPI1TOHbl B KYB11-
qECKI1X 10JIYllPOBOL{HI1KAX C llPHMOA 3AllPEIUEHHOA 
30HOA 1111X KOMBI1HAUI10HHOE P ACCEHHI1E 

HryeH BaH XLey, HryeH Au BLeT 

BhlliOAHfCJI JIBHhie Bhipa:>KeHHJI AJIJI onepaTOpoB po:>KAeHHJI rpex-
30HHhiX: 3KCHTOHHhiX llOJIJipHTOHOB B KyfiH'IeCKHX llOJiynpoBO):UIH· 
KaX C npJIMOH 3anperueHHOH 30HOii: H lJeTblpeXKpaTHO Bhlpo:>KAeHHOH 
BepXHt ii: BaneHTHoii: JoHoii:. B Ka'leCrBe npHMe~B npHMeHeHHJI JTHX 
Bhipa~eHHii: yCTaHaBJIHBaiOTCJI COOTHOWeHHJI Me)I(Ay ceqeHHJIMH llpo· 
n;eccos pe30HaHCHoro KoM6miaiJ;HoHHoro pacceJIHHJI nonHpH30BaH· 
HOrO C sera KBa3H'IaCTHIJ;aMH B llOJiynpoBO):UfHKaX C )l;aHHhiMH CBOHCT· 
BaMH CIIMMerpHH. 

Pa6ora BhmoJIHeHa B HaiJ;HoHanhHOM n;eHrpe Hay'IHhiX Hccnell;oBa
HHii:, Xmoii:, CPB. 

Three Branch Excitonic Polaritons in Cubic Direct Band 
Gap S :!miconductors and Their Raman Scattering 

Nguyer Van Hieu, Nguyen Ai Vjet 

Exp. icit expressions are derived for the creation operators of the 
excitonic polaritons in direct band gap cubic semiconductors with 
a fourbld degenerate upper valence band. As examples of the appli
catien of these expressions the relations of the effective differential 
cross Sf ctions are established for the resonant Raman scattering of the 
polarizt d light on the quasi particles in semiconductors with given 
symme1 ry properties. 

The investigation has been performed at the National Center for 
Scientilic Research, Hanoi, SRV. 

0GHOBODOJiarruo~ue TPY.Ahl nexapa
111, Xo!PHJIL,D;a

121 ' ArpaHO

BH'Ia /S/, L{aBbl,ll;OBa/ 41 H ,D;p. DO TeOpHH DOJIIIpHTOHOB Bbi3BaJIH 

60JILWOH HH:Tepec 3KCnepHMeHTaTOpOB H TeopeTHKOB, no6y,D;HJIH HX 

K H3ytJeHmo pe30HaHCHOro KOM6HHaQHOHHOrO pacceRHHR (PKP) CBe

Ta xaa3HtJa,!Tlf.QaMH B TBep,n;hiX Tenax. B cnyqae xy6HtJecKHx nony

npoao.n;HHK:>B C npRMOH 3anpe~eHHOH 30HOH H tJeTbipexKpaTHO Bbl· 

pO)f(,ll;eHHOH BepxHeH BaJieHTHOH 30HOH cneKTp 3KCHTOHHbiX DOJIRpH

TOHOB 06Jill,D;aeT TpeMR BeTBIIMH BCJie,D;CTBHe TOrO, tJTO HMelOTCR ,D;Ba 

THna 3KCH10HOB: CBII3aHHbiX COCTOIIHHH 3JieKTpOHa H nerKOH HJIH 

TR::>KeJIOH ,D;lolpKH. 3aKOHbl ,D;HCnepCHH 3THX TpeX30HHbiX 3KCHTOHHbiX 

DOJIRpHTOH<IB, ycTaHOBJieHHbie C 60JihWOH TOtJHOCTblO B 3KCnepuMeH-
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Tax no PKP caera <PoHoHaMH, Haxo.n.HnHcb a xoporneM cornac HH c Teo~ 
peTHqecKHMH npe.n.cKa3a.HH.fiMH 151 . PacqeT ceqeHHR pacceRHHR TaK:JKe 

npoBO,IJ.HJlCR B paMKax pa3J1HqHbiX ynpomeHHblX MO,IJ.ene:i /5-7/ . 

B HaCTORmen pa6oTe ,IJ.JlR ,IJ.aJlbHeHlliero HCDOJ1b30Ba.HHR B MIIKpOCKO

nHqecKOH TeopHH PKP caeTa c yqeToM BHyTpeHHen CTPYKTYPbi 3KCH

TOHOB H peaJibHblX CBOHCTB CHMMeTpHH 3HepreTHqecKHX 30H BblBO

,IJ.RTCR RBHbJe Bbipa)f(eHH.fl, onpe,IJ.eJlRJOm:He onepaTOpbl {:O)f(,IJ.eHHR 

(HJlH BeKTOpbl COCTORHHR) TpeX30HHblX 3KCHTOHHbiX DOJlHpHTOHOB 

B Ky6HqeCKHX nonynpOBO,IJ.HHKax C npRMOH 3anpemeHHOH 30HOH H 

qeTbipexKpaTHO BblpO)f(,IJ.eHHOH aepXHeH BaJieHTHOH 30HOH. ::ITH Bbipa

)f(eHHR 3aTeM npHMeH.fiiOTCR npH H3yqeHHH HeKOTOpbiX npoQeCCOB 

PKP caera B o6nacTH pe30Ha.Hca. Bbi6HpaeM CHCTeMy e.n.~<HHU. TaK, 

qT06bi fl = C = 1. 
Bae.n.eM cne.n.yiDmHe o6o3HaqeHHR: me, mH H m L -- 3<P<PeK

THBHbie MaCChi 3JleKTpOHa npOBO,IJ.HMOCTH, TR)f(eJlOH H nerKOH ,IJ.blpKH 

COOTBeTCTBeHHO: 

1 1 1 me mh 
--=--+--'a= ,{3=--=---
m r me m h mh +me mh + me 

-> -> 
p e H ph - HMDYJlbCbl 3JleKTpOHa H ,IJ.blpKH, S e H Sh - npc eKUHH HX 

CDHHa Ha KOOp,IJ.HHaTHOH OCH 0 z; e ~ (p) H h+8(p) - o riepaTOpbl 

po)f(,IJ.eHHR 3JleKTpOHa H ,IJ.blpKH C YKa3a.HHbiMH HMllYJlbCOl\': H npoeK

UHeH CllHHa Ha OCH Oz , y +(i{) - onepaTOp po)f(,IJ.eHHfl <i>OTOHa 
~ a u 

C HMDYJlbCOM k H CnHpaJibHOCTbiO (nnoeKQHeH CDHHa Ha ianpaane-
-> J ... ... 

HHH HMDYJlbCa k ) .. a = ± 1; .?AA, (!; -> q) - MaTpHqHbie 3JleMeH-

Tbl apameHHR, nepeso.n.Rmero p a q , B 6aaHce HenpHBO,IJ.HMoro 

npe,IJ.CTaBJleHHR C DOJlHblM MOMeHTOM HMDYJlbCa J . ,ll;•lCTaTOqHO 

paCCMaTpHBaTb J1Hll1b 3KCHTOHbl B COCTORHHH 1S C npOC1pa.HCTBeH

HOH BOJlHOBOH <i>yHKUHeH OTHOCHTeJlbHOrO ,IJ.BH)f(eHHR 3Jl€KTpOHa H 

,IJ.bipKH _ cf 
18 

(r) , <Pypbe-npeo6pa30Ba.HHe KoTopon o6o3HaqHM 

qepe3 ¢ 
18

(p). 

l1MeJOTCR 4 CDHHOBblX COCTORHHR TR)f(enoro 3KCHTOJ-:a CO CUH

paJibHOCTRMH ± 2, ± 1 H 4 CDHHOBblX COCTORHHR nerKOrO 3KCHTOHa 

CO CDHpaJibHOCTRMH ± 1, 0, npHqeM TOJlbKO CDHHOBbie COC'cORHHH CO 

CDHpaJibHOCTRMH ± 1 MOryT CMelliHBaTbCR C <PoTOHOM ,IJ.JlR o6pa30-

Ba.HHR nonRpHTOHOB. Ha ocHose pe3yJihTaToB pa6oTbi
181 

1\IO)f(HO no-

Ka3aTb, qTo onepaTop po)f(,IJ.eHHR nerKoro (l) H TR)f(eno ~o (H) 
3KCHTOHa c HMnynhCOM k H cnHpanbHOCTbJO a = t 1 paseH 

3/2 

!. X 
s = -3/2 
h 
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X 

112 
D 
-la,s 

2 

~ 3/2 ~ 
(Oz~k)D (Oz~k) 

~,sh 

0 112 (OZ~k)D 312 (OZ~k) 
J 1 a, s -a, sh 

• 2 I '2 

+ ~ + ~ 
es (p~)hs (ph). 

e h 
(1) 

JlerKO TamKe BblliHCJIHTb 3<P<PeKTHBHbie KOHCTaHTbl CBH3H KBaHTOBO
rO nepexc1,na TH)I(eJioro u nerKoro 3KCHTOHa a <PoTOH H nonyqHTb 

1 
~ = g' !:L = -:= g, 

v/3 
1 

g = --==:::- . mo 
ellcv 

(2) 
1 

,/rra3 
Ex 

vf2(oE. 
j, 

r.ne Eg -- wupnHa 3anpemeHHOH 30Hbi, (0 - cTaTHllecKaH ,nH3JieKT
puqecKaH KOHCTaHTa nonynpoao.nHnKa, e u m0 - 3apM u Macca 
CBo6o,nHOI'O 3JieKTpOHa, a Ex - 6opOBCKHH pa,nuyc 3KCHTOHa: 

a = __:a__ 
Ex m e 2 ' 

r 
ll cv - M!lTpHliHbiH 3JieMeHT Me)l(,ny30HHOrO KBaHTOBOrO nepexo,na: 

ll =<SIV \X>=<S\V \Y>=<S\V \Z>. 
CV X y Z 

llonRpHTOHHbiH cneKTp HMeeT Tpn BeTBH, PI\3JIHllaJOmHecH 
HH,neKcoM: v = 1, 2, 3. OnepaTopbi po)l(.neHHH nonHpHTOHOB nonyli8-
JOTCH no< pe.ncTBOM 3HaMeHHToro npeo6pa3oBaHHH BoroJIJ06oaa: 

17 + (k) = t ( k) y + ( k) 
va v a 

+ ~ 
+ v (k) :{ (k). 

vL La 

+ ~ 

+ vvH(k) XHa(k) + 
(3) 

3HeprHH (} v ( k) 
HHeM 

llOJIHpHTOHa Ha BeTBH V onpe,neJIHeTCH ypaaHe-

2 { 
w (k) = 1 + 4 g 2 1 

Ov ( k)2 EH(k)2 -Ov (k)2 

1 
+ -· 3 1 } ' (4) 

r.ne w (k) - 3HeprHH cao6o,nHoro <PoToHa a cpe.ne, E H( k) u 
EL ( k) - 3HeprHH TH)I(eJioro H JierKOrO 3KCHTOHOB COOTBeTCTBeH
HO. Ko3<Pq>nuneHTbi npeo6pa30BaHHH BoroJIJ06oaa paaHbi 

u (k) = [. + g 2 + ..:_ ___ g 2--- ] -112 
v 2 3 2 ' 

[EJk)- O)k)] [EL(k) - Ov(k)] (5) 
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-----------------

\H(k) = g u (k), 
EH (k) - {}"' (k) "' 

v L (k) = ~ g u (k) • 
"' J3 EL(k) - O"'(k) "' 

floJiy1JeHHhie BhiWe pe3yJihTaThl 6yAeM npHMeHRTh B :lOCJleAYIO· 
~ux pa6oTax npu H3y1JeHHH PKP caeTa pa3JIH1JHhiMH KBa3H'tacnmaMH 
B Ky6H1JeCKHX DOJiynpoBOAHHKax C AaHHOH CTpyKTypoH 3HepreTH1JeC· 
KHX 30H. flpHBeAeM 3AeCL JlHIIJb HeKOTOphie 1JaCTHhie pE3YJILTaThl. 
PaccMoTpHM cHa1Jana npoQecc PKP nonRpH30BaHHoro caeTa cpoTo
HaMH / 5-7/ 

~ ~ ~ 

"(k)~7T,,(k')+cf>(q), (I) 
J.IO' J.l (J 

rAe cf>{ q) o6o3Ha1JaeT cpoToH c HMnynLcoM q . Erq AHocpepeHQH· 
aJILHOe ~eKTHBHOe Ce1JeHHe o603Ha1JHM qepe3 W~~, ( fJ) I , rAe 
8 - yron pacceRHHR. B pe30HaHCHOH o6nacTH, KOrAa K03cptJuQneHThi 
U ( k) npeHe6pe:lKHMO MaJihi, Mhl HMeeM COOTHOWeHHe 

J.l 

++ w , (8' 
J.IJ.I 'I 

w+-, (8) 

"'"' I 
rAe 

u~>, (8)I 

u (-), (8) 

"'"' I 

(~ 2 u , (8)I = I v , H(k,) v H ( k) ( 1 ± cos 0) + 
J.IJ.I J.l J.l 

+ [ v , ( k ') v ( k) + v , L(k') v H ( k) 1 sin 
2 

0 + 
v H vL v v 

+ .l v , (k') v (k)(cosO ± 1)(3cos0 + 1) 12
• 

3 v L vL 

(6) 

(7) 

AH&JJOrlf1JHO AJIR AH$1JepeHQHaJILHoro 3cpcpeKTHBHoro ce11eHHR 
~;, ( 0 )11 npoQecca PKP nonRpH30BaHHoro caeTa 3JieKTpoHaMn 

He"'HTpaJILHhiX AOHOpoB ;g -ll/ 

~ ~ 

rt (k) +eN~", ,(k') +eN 
J.IO' J.l (J 

(II) 

B pe30HaHCHOH o6JiaCTH Mhl HMeeM COOTHOWeHHe 

+-w ,(0) 
"'"' II 

(+) 
uw , ( o )II 
u<-> (O) ' 
w' II 

(8) 
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rne 
( ±) 1 + cose 2 2 

U , (8)
1 

= - {[ v ,H(k')v H(k)] (1 ±cosO) + 
vv I 2 v v 

2 2 2 
+ 3 ( [ v , (k , ) v ( k)] + [ v , (k , ) v ( k) ] ) sin e + 

v H vL v L vH 
(9) 

. 2 -+ [ v , ( k, , v ( k)] < 3 cos e + 1) 1. 
v L vL 

3TH Teo peT ~qecKHe npe,nCKa3aHHH BeCbMa :>KeJiaTeJibHO npoaepHTb 
3KCnepHMeHTaJibHO. 

Opo6JIBMa pe3oHaHCHoro KOM6HHEmHOHHoro pacceHHHH 6yneT 
paCCMOTpeH:l no,npo6HO B OT,neJibHOH pa6oTe. 
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