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flto60ll!HU B.n .• noaropeUKHil M.ll. 

HHrep¢epeHUHOHHNe KoppenHUHH npu perucrpauuu 
nap HeArpanbHbiX K -Me3oHoa. 

P2 12157 

HccnetlyiOTCH HHTep¢epeHUHOHHLJe HBneHHH llpH perncrpaUHH ITdp IICiiT

panhHLIX K -Me30HOB c ManbiMH____9THOCHTenbHLJMH HMnynbC<lMH. floKa:JaHo, 
tJTO rrpH reaepaUHH CHcreMbi K° K0 xapaKrep uurepcf>epeHUHOIIHhJX KoppeJHI 

UHti onpenenSieTCH paccroHHHeM Me~t<ay rol:tKa!-.tH s~>rnera K' H K( -Mc3o

aoa. npH aroM nose.neaue crpyKrypHbJX $yHKUH~i cywecrseHuo 3an~tcur or 

TOI'O, KBKHe cyrrepn03HUHH HetirpanbHLIX K -MC30HOI3 13Ll,lleJIHJOTC Sl ll8T8KTO-

p8MH. noKa3aHO, 'lfTO H838BHCHMO or ycnOBHii o6pa30138111HI CHCTC~IId Kcj{n 
aepoHTHOCTb or6opa .llBYX K

5 
-!\te30HOB BKJIJnYaer 3ctJ¢cKT Goae-crarucr~tKit, 

aaanor~oPIHbiti COOTBeTCTBYIOWeMy 3<fxtleKTy llliH TO>Kll8CTBeHHLIX TT -Me30HOB. 

HaiiaeHbi stBHhle Bhipa*eHHH, onucbJBalOmue 38BHCHMOCTh crpyKTypHbiX q,ynK

uuti JlBYX K -Me3oHoB OT pa3HOCTH HMnynbcoa B paMKax crarH.cTuY.ecKoH s 
Moaenu H B cnyqae reH2J?BUHH HeiirpanbHbiX K --f\.1e30HOB nMecre c pe-

30HaHCaMH K* unu K*. 

Pa6ora BhmonHeHa B fla6oparopHH BbCOKHX 3Hepruii OIIHII. 

npenpHHT 06be/lHHeHHOf'O HHCTHryra HllepHWX HCC/le/JOBBHHA, fly6Ha )979 

Lyuboshitz V.L., Podgoretsky M.I. 

Interference Correlations in Recording 
Neutral K -Meson Pairs 

P2 - 12157 

The interference phenomena in the registration of neutral K -
meson pairs with small relative momenta ar~ investigated. It is 
shown thaL_the nature of interference correlations in the production 
of the K°K 0 -system is determined by the distance between K0 

and K0 -meson emission points. In so doing the behaviour of 
structure functions is significantly dependent on superpositions 
which are separated by detectors. It is shown that the probability 
of two K~ -meson choice contains _!he Bose-statistics effect, 
independently of conditions of the K°K 0 -system generation. This 
effect is similar to the corresponding one for identical rr -mesons. 
Explicit expressions are obtained, describing the dependence of 
structure functions on momentum difference in the frame of the sta
tistic model and in the ~se of neutral K -meson production 
together with K* or K* -resonances. 

The investigation has been performed at the Laboratory of 
High Energies, JINR. 
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1. B pB.D;e TeopeTaqeexax pa6oT 6hi:JJO noxa3aao, qTo H3yqeaae 

HHTeP4>epeHUHOHHhiX KOppeJJJIUHH nap TO)I(.D;eeTBeHHhiX qaeTHU e 6JJH3-

KHMH HMnyJJbeaMH n03BOJJJieT onpe.D;eJJHTb JJHHeHHble pa3Mepbl o6-

JJaeTH reaepauaa R /eM., aanp., /l-5/ /. Bnoene.D;eTBBH noBBHJJoeb 

60JJbWOe qaeJJO 3KenepHMeHTOB /eM., Hanp.,/6-ll/ /, B KOTOphiX 

Ha 3TOH OeHOBe HeeJJe.D;OBaJJHeb KOppeJJJIUHH nap TO)I(.D;eeTBeHHhiX 

Tl -Me30HOB. B paMKaX MO.D;eJJH He3aBHeHMhiX O.D;HOqaeTHqHhiX 

HeTOqHHKOB H B npe.D;nOJJO)I(eHHH eJJa6oH 3aBHeHMOeTH O.D;HOqaeTHq

HhiX aMnJJHTY.D; OT HMnyJJbea eTpyKTypHhle liJyHKUHH .D;BYX 6ee-

enHHOBhiX TO)I(.D;eeTBeHHhiX qaeTHU e 6JJH3KHMH HMnyJJbeaMH i\ 
H p2 HMeiOT BH.D; 

a (p, q) f(p) ll + !'. ("q, Cia) l ' /1/ 

r.~~;e 

p - p 
l 2 

2pq 1 -> -> 2( pl + p 2), 
-> 
p q E - E 

l 2 qo 
El + E2 

WyHKUHJI 1\(q, q ) B 4JopMyJJe /1/ eBJI3aHa e BKJJa.D;OM BHTep-
0 

cllepeHUHH .D;ByxqaeTHqHbiX aMITJJHTY.D; /34MlJeKT 6o3e-eTaTHeTHKH/ 

H 3aBHeHT oT npoeTpaaeTBeHHhiX pa3Mepoa R H 34MtleKTHBHoro 

BpeMeHH H3JJyqeHHJI r; 

!'. =I,· a npa lql»_!_ 
R 

npa I iii« ~ H lq 1«.! 
0 T 

aenaqaaa 

lq 1».! 
0 T 

HJJH oaa o6pawaeTeB a 

HYJJb. JIBHhiH BH.D; liJyHKUHH L'.(q, q
0

) 3aBHeHT OT KOHKpeTHOH 

Mo.D;eJJH npoueeea I eM., aanp. / 1 • 2• 5/ I. qTo xaeaeTeJI liJyHKUHH 

f(p) , TO OHa rrpe.D;nOJJaraeTeJI noqTH He MeHJIJOIUeHeJI B 06JJaeTH 

lql - ~. 
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PeanLHO J¢KI.>eKT, OIIHCLIBaeMLIH ¢opMynoii. I l/, MO)I(eT ocno)l(

H.IITbC.II ~HHaMH'IeCKHMH KOppe11.11UH.IIMH, IIpHBO~JIIUHMH K JaBHCHMOC

TH f OT q _ Cne~yeT, O~HaK01 O)I(H~aTb, 'iTO 3TH ~HHaMH'ieCKHe 

KOppe11.11UHH HeCyiUeCTBeHHbl, eCJ1H pa3Mepbl o6naCTH reHepaUHH 

3Ha'iHTeJ1bHO rrpeBbiWaiOT Jq,¢eKTHBHbiH pa~HYC CH11bHbiX BJaHMO-

~eHCTBHH 
1 

H paCCMaTpHBaiOTCJI ~OCTaTO'IHO MaJ1bie oT-ro -
mTT 

HOCHTe11bHble HMIIY11bCbl I ql' __!_ 
l' 

0 

)l.o CHX rrop ¢opMyna I l/ rrpHMeHHnacb, s OCHOBHOM, K aHa11HJY 

KoppenHUHH ~syx 114 • H11H ~syx 11- - MeJoHos. IIpe~cTaBnHeT 

HHTepec HCCJ1e~oBaHHe HHTep¢epeHUHOHHbiX Koppe11JIUHH rrap HeHT

pa11bHbiX K-MeJOHOB C Ma11biM OTHOCHTeJ1bHbiM HMIIY11bCOM, TeM 

6onee, 'ITO He~aBHO 6LIJ1H orry611HKOBaHbl pe3y11bTaTbl rrepBbiX 

JKcrrepHMeHTanLHbiX pa6oT B JTOM HarrpasneHHH / 1 ~- 1 :l. ·. B o6IUeM 

nnaHe Koppe11.11UHOHHbie CBOHCTBa rrap HeHTpa11bHbiX K -MeJOHOB 

y)l(e o6cy)l(~anHcb so MHorHx pa6oTax /eM., narrp., /ll-l 7/ /. 

8 HaCTOJIIUeH CTaTbe 3TOT BOIIpOC aHa11H3HpyeTC.II C TO'iKH JpeHHJI 

BOJMO)I(HOCTH 3KCIIepHMeHTaJ1bHOrO onpe~eneHHJIIIpOCTpaHCTBeHHO

speMeHHbiX napaMeTpos rrpouecca reHepaUHH. 

Ba)I(HOH oco6eHHOCTbiO HeiiTpanLHLIX K -MeJOHOB HBn»eTCH 

TO, 'ITO B JaBHCHMOCTH OT CIIOC060B ~eTeKTHpOBaHHH OHH MOr~T 

Ha6nJO~aTLCJI B paJHbiX BHyTpeHHHX cocTO.IIHHHX IK-'= uiK''' f f:!IK''. 
J 

IIpe~rrono)I(HM, 'ITO pe'lb H~eT o cTonKHOBeHHH qacTHU c Hynesoii 

cTpaHHOCTLIO. Tor~a ~sa Heii.TpanLHbiX KaoHa po)l(~a~TcH rrpeHMy

IUeCTBeHHO B HeTO)I(~eCTBeHHbiX COCTO.IIHHHX K
0 

H K
0

• IIOCKOJ1bKy 

reHepaUHJI ~BYX H11H HeCKOJ1bKHX rrap CTpaHHbiX 'laCTHU Mano

sepoHTHa. O~HaKo rrpH Ha61110~eHHH ~syxrrHoHHLIX pacrra~os 

HeHTpa11bHbiX K ·MeJOHOB OT6Hpa10TCJI He pa311H'IaiOIUHeC.II O~HO

'IaCTH'IHble cocTO.IIHHH 1 K 0 > H I K0 >, a ~Be o~HHaKOBble cyrrep· 

u I l_K",+IK"', 
nOJHUHH 3THX COCTO.IIHHH K. ' oo • - • llpH ~pyrHX cnoco6ax 

s v2 
perHCTpaUHH ~BYXKaOHHOH CHCTeMbl, pO)I(~eHHOH B TOH )l(e peaKUHH, 

MoryT_ Bbl~en.IITLC.II ~pyrHe KOM6HHaUHH I KL H KL . K 5 H K L· 

K 0 H KL H T .~./. JlcHo, 'ITO rrpH Bbi'IHCneHHH sepo.IITHOCTH OT6opa 

TOH HJ1H HHOH KOM6HHaUHH He06XO~HMO y'IHTbiBaTb HHTep¢epeHUHIO 

HCXO~HbiX ~BYX'IaCTH'IHbiX COCTO.IIHHH IK
0 >. x IK

0
>-> H [K0 >-;~ x IK~;t• 

Pi Pz Pi "'2 
H peJyJibTaT JaBHCHT OT TOFO, KaKHe HMeHHO COCTO.IIHH.II H Ha 

4 

4 

KaKOM pacCTO.IIHHH OT MeCTa reHepaUHH ¢HKCHPYIOTCJI ~eTeKTOpa· 
MH/i4-i7/*. 

06IUHH aHaJIHJ HHTep¢epeHUHOHHbiX KOppeJIJIUHH npH perHCTpa· 

UHH npoHJBOJlbHbiX cynepn03HUHH no BHyTpeHHHM KBaHTOBbiM 'IHC· 

naM nOKa3biBaeT, 'ITO, eCJIH Ha'laJlbHble BHyTpeHHBe COCTO.IIHH.II 

BJIH KOHe'IHble COCTO.IIHH.II /¢BKCHpyeMble ~eTeKTOpaMB B COBIIa~a10· 

IUHe MOMeHTbl C06CTBeHHOFO BpeMeHB/ ~OCTaTO'IHO 6JIH3KH ~pyr 

K ~pyry, TO aBTOMaTH'IeCKH o6ecne'IHBaiOTCJI CBOHCTBa CHMMeTpHB, 

xapaKTepHble ,I{JIJI TO~eCTBeHHbiX 'laCTHD; /CM. /iS-20( a TaK*e 

rn. 5 MOHorpa¢BB 1211; ~n.11 nap K 5 Ks H KLKL o~HospeMeHHOCTL 
perBCTpaD;HH He 06.113aTeJlbHa/. B COOTBeTCTBHH C 3THM cne~yeT 

O)I(H~aTL, 'ITO nose~eHHe CTPYKTYPHbiX _,<PYHKUHH ~syx K
5

- HnH 

~syx KL ·Me30HOB B o6nacTH Manblx I q I onHcblsaeTC.II ¢opMy· 

noil I 1/, ycTaHosneHHoii ~n.11 TO~eCTBeHHbiX 'faCT BU. HH)I(e Mbl 

y6e~HMCJI, 'ITO JTO ~eiicTBHTenbHO TaK. By~eT TaK)I(e noKa3aHo, 

'ITO CTpyKTypHa.ll ¢YHKD;H.II aK K HMeeT B TeX )l(e ycJIOBH.IIX 
-. S L 

npH I q I < 1/R BMecTo IIHKa nposan, cooTBeTCTBYIOIUBH "BbiMH· 

paHBIO" 3ap.II~OBO·He'leTHbiX COCTOJIHHH CHCTeMbl K0~ /T.e. COC· 

TO.IIHHH C He'leTHbiMH op6HTaJibHbiMH MOMeHTaMH; 110 3TOMY IIOBO~y 

CM. TaK)I(e/2 Z/ j. 

2. PaccMoTpHM peaK:o;HIO 

a -t b -+ K 0 + K0 + X , 

He CO~ep~HT HeHTpaJIIoHbiX K ·Me3oHos. B KOTOpoii CHCTeMa X 
llycTb a (a) (p, ii) • aMIIJIHTY.Ila FeHepaD;HH K" ·Me30Ha c BM-

nynLcOM p 
l 

p +! q 
2 

-+ -+ 1-+ 
H K 0 

·Me30Ha C HMIIYJlbCOM P = p--q 
2 2 

DpH ¢BkCHpOBaHHbiX kBaHTOBWX 'IHCJlaX a OCTaJILHWX 'laCTH:o;, 

y'laCTB}'IOIUHX B peakUHB. TOFAA a(a} (ji, -<iJ BMeeT CMWCJI aamnB· 

TY.Ilbl reHepaUHB ~ ·Me:toHa c HMIIyJII>COM pi B K0 ·Me3oBa 

c HMnym.coM p
2 

• By.~teM C'IHTaTL, 'ITO ueiiTpanLHble Me30Hbl 
-+ -+ . 6 C HMIIYJILCaMB PJ H p

2 
perBcTpBpYJOTCJI B JIB3B TO'IKB po~e· 

BBJI B cocTOJIHBax cooTBeTCTBeHHo- I Ki > B I K. >, npB'IeM 3TH 
l-

COCTOJIHBJI He o6a3aTeJlbHO cosna.l{aiOT c IK0 > B [K0 >.llPBBbi'IHC· 

* 3aBHCBMOCTL OT paCCTOJIHBJI 06yCJIOBJJeHa BpeMeBB~M pa3· 

BHTBeM KBa3HCTaD;HOHapHbiX COCTOJIHHB KS B KL . 

5 



JieHHH Ce'leHHJI yKa3aHHOrO npm~ecca HY)I(HO, KaK y)l(e rOBOpHJIOCh, 

y'leCTb H~eptl>epeHUHIO HC~)l,HblX JJ.BYX'IaCTH'IHblX COCTOJIHHH 

I K0>~ X I K
0 >p

2 
H I K

0 ~ X I K
0 

>p; • B COOTBeTCTBHH 

C 3THM, npH «i>HKCHpOBaHHblX KBaHTOBblX 'IHCJiaX (a) 

a~a)K(p,Q) =la(a)(p,Q)<K.IKo><K.I0·+a(al(p.-qVKiif" ,K.~K' ·' 2• 
j j I ) I J /2/ 

3HaK "nJIIOC" B «l>opMyJie /2/ OTBe'laeT 6oJe-cTaTHCTHKe KaOHOB. 

B 'laCTHOCTH, 

(a) (a) 11 (a)( .. _,) (a)(-> _,) 12 (a) - (u) _11. (u) c~· '""'>-. (u)(_, _,) '2 
a =a K=- a p,q +a p,-q .• uK K-uK K-

4
.a p.~ a p.-q . 

Ks Ks KL L 4 ~· L L ~ 
/3/ 

CornacHo /3/, npH q _, 0 ce'leHHJI uK ·K ~· 0. TaKoe noBeJJ.eHHe, 
~ L 

CXO)l,HOe C noBe)l,eHHeM H)l,eHTH'IHbiX «i>epMHOHOB, CB.II3aHO C TeM, 'ITO 

B paccMaTpHsaeMoM npeJJ.eJie napa K°K'' pO)I(JJ.aeTc.II B S -coc

TO.IIHHH, a TOr)l,a OHa, KaK H3BeCTHO, He MO)I(eT pacna)l,aTbC.II no 

cxeMe Ks KL. 
ECJIH Mbl He HHTepecyeMC.II KBaHTOBbiMH 'IHCJiaMH 'laCTHU, 

o6pa3yiOIUHX CHCTeMy X, TO Ce'leHHe npouecca Bbipa)l(aeTC.II 'lepe3 

3JieMeHTbl JlBYX'IaCTH'IHOH MaTpHUbl nJIOTHOCTH p(p, q), Ja)l,aH
'1- I 

HOB B npeJJ.cTaBJieHHH cocTO.IIHHH 1 '' 

I 1 > 0
' I K 0 

):, 

p1 
X I Ko "> 

p2 
12 > I Ko > v I K" > 

p l- . p2 

0603Ha'IHM 

(_,_,)-"'I (a)(_, _,)12 "'I (u)(_, _,)12 a
0 

p, q - "- a p, q + "- a p, - q 
(~ (~ 

Tor)l,a, no onpeJJ.eJieHHIO, 

6 

_, _, 1 I (a) _, _, 2 r
11

(p, q) = L a (p. q) I 

p22(p, q) 

p* (p, q) 
21 

( _, ~>) (a) 
ao p, q 

1 -~I a(a)(_, 2 
ao (p, q) (a) p, - q) I ' 

p (p, q) 
12 

1 - -- ~ a(a)(_, _, (a)* 
ao (p, q) (al p, q) a (p, -q)' 

/4/ 

/5/ 

.. 

r)l,e CHMBOJI ~ 03Ha'laeT CYMMHpOBaHHe no BCeM KBaHTOBblM 
(a) 

'IHCJiaM CHCTeMbl X. nerKo BH)l,eTb, 'ITO 

aoG>.<D =ao(p.-"ii), P1fp.q) =rzip,-q), p12(p,q) =rtzcP.-Q) =p21(p,-q). 

/6/ 
p (p, q) + p ( p, - q) = 1 . 

l 1 11 

KpoMe Toro, B cHny. HepaseHCTBa Illsapua HMeeM 

I (
_, _, 2 

P12 P. q) I ~ ~ -~ --+ 1 
< pll (p, q) pl1 (p, -q) ~ 4. 

llpH q =0 H3 /5/ CJie)l,yeT 

(J oop =(l =(J 
J 1 22 l 2 21 

1 
2 

/7/ 

/8/ 

/9/ 

llpOCYMMHpyeM Tenepb /2/ no KBaHTOBblM 'IHCJiaM (a). C y'leTOM 

/4/ H /5/ HaXO)l,HM 

(

----) ~ -)> ----) -)o ----) 2 - 2 
aK K p,q) = a(p,q)lp (p,q)I<K.IKc>\ I<K.IKc'>l + 

i j {) II I J 

_,_, ,- 2 2 
fJ (p;-q):<K.!K">I I<K.IKn>l + 
]] I J 

2Rell' (p. q)<K.IK"><K.I0''/K.IK0 >*<K.\K">*)I. 
I 2 1 ' 1 I J 

ECJIH perHCTPHPYIOTC.II )l,Ba O)l,HHaKOBblX COCTO.IIHH.II l K. /, TO 
J 

/10/ 

--+-l> -)----) __,.__,. -+-l> 2 
aK. K. (p, q) = aK. K. (p,-q) = "o (p, q) (1 + 1\(p, q))l <Kj I Ko><Kj I K">! , 

l l I J 

i\(p,q) = 2Rep (p,q). 
12 /11/ 

llpH 3TOM H3 /8/ H /9/ CJie)l,yeT, 'ITO BblnOJIH.IIIOTCJI COOTHOWeHHJI 

'\ (p. q) ,. !\ (p. -q). I
A_,_,2 
1\(p, q)l ::; 1, 1\(.p. 0) ~- 1. /12/ 

B 'laCTHOCTH, JJ.JI.II nap K 5 K5 H ~KL nonyqaeM 

( .. _, ) ( _, _,) 1 ( _, _, ) [ _, -> 
aK K 11 · q =aK K p, q =4ao p, q 1 +1\(p, q)}. 

S S L L /13/ 
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B TO ~e BpeMx B cTpyKTypayw ~yHKUHW naphl K K. 
~ ~ L S 

BeJIH'iHHa 

A (p, q) BXO,llBT co 3HaKOM "Maayc", T.e. 

( ~ ~) (~ ~ 1 -> ~ ~ -> 
aKLKs p,q =aKLKsp.q) = 4ao(p,q)[1-.\(p,q)]. /14/ 

ECJIB B Ka'leCTBe 6a3HCHhlX COCTOHHHH Bb16paTb KOM6HHaUHH 

1 [KL>_, ) ' I t/1 > = --n:-< I K
5 
>~ x I K5 >~ - I KL >~ x 

+ V 2 PI Pz PI Pz 

I t/1 > = -b- ( I K >~ X I K >~ - I K >~ \ KL >~ ) ' 
/15/ 

y 

..j2 L PI s p s p p2 
2 I 

COOTBeTCTBYWIUBe 3apH,llOBO- 'leTHhlM H 3apH,llOBO- He'leTHhlM COC-

TOHHBHM CHCTeMbl K°K0
, 

.llYT aMeTb cTpyKTYPY 

TO 3JieMeHThl MaTpHUhl llJIOTHOCTH 6y-

p Cil. ci) = ! ( 1 + i\ Cil. <i)). 
++ 2 

( ~->) 1( ->-> P __ p, q = 2 1-\(p. q)). 1161 

~ ~ ~ ~ 1 (-> ~) (_, ~) 2"1 (-> _,q)) 
P+_(p, q) =P_:'}P· q) =2(pii p, q -pii p, -q + 1 mp21 p, . 

IJpH 3TOM ~OpMyJia /101 nepenHChlBaeTCH B BH,lle 

.... ....,. 1 ~-t -+-t 2 
a (p,q)=-a (p,q)IO+i\(p,q))I<K.K.It/1 >I + 
K. K. 2 0 I J + 

1171 
1 J 

+ (1-,Mp,q))I<K. K.lt/1 >1
2 

+ 2Re(p (p,!i)<K.K. It/! ><K. K.\t/1*~,) l. 
l j +- I j + I j _ 

Ilpa I K i > = I K i > B Bblpa~eHHH I 17 I ocTaeTcx TOJibKO nepBhlH 

'iJieH, TaK KaK <K. K. I t/1 > '~ 0. 
1 I -

Ilpe,llnono~BM Tenepb, 'ITO aeiiTpanbHhle K-Me30Hbl pera-

CTPHPYWTCH Ha ,llOCTaTO'IHO 60JibWBX pacCTOHHHHX OT TO'IKH reHe

pauaa, cpaBHHMbiX c pacna,llHbiM npo6eroM K 5 -Me3oHOB. Tor,lla 

B 117 I cJie,llyeT npoH3BeCTH O'ieBH.llHYW 3aMeHy, Y'iHTbiBawll(yw 

pa3BBTHe cocToxaaii I K s > a I K L > BO BpeMeaa: 

lt/l>~lt/1 (r
1
,r

2
)>= 

1 (IK5 >~ xiK5 >~exp[-(im 5 +!15 )(ri+r2 )] 
+ + V2 PI p2 2 c 

- I KL >~ x I KL >~ exp [ - ( im L + ! 1 L ) ( r I + r 2) ]) , 
. PI P2 2 

1 r; f's 
It/!_>~ lt/l_(r

1
,r

2
)>= V

2 
(IKL>pi x IK5 >P

2 
exp[-(imL+ ~-)ri-(im 5+2)r2 ]-

- IK5 >~ x IKL>~ exp[-(im 5 +~f5 )ri-(imL+ .!rL)r2 ]). /18/ 
PI P2 2 

8 

·~ 

~ 

3,lleCb r
1 

a r
2 

- co6cTBeHHhle BpeMeHa nponeTa K -Me30HOB 

OT TO'IKB pO~,lleHHJI ,llO TO'ieK perHCTpaUHH, mS H mL , rS H f L -

Macchl a wapHHhl K 5 - a KL -Me30HOB. B cooTBeTCTBHH c 3TBM 

Koppenxuaa pacna,lloB .llBYX HeiiTpanbHbiX K -Me30HOB no npoaJ-

BOJibHbiM KaHaJiaM n H p OllHChlBaWTCJI ~OpMyJIOH 

1 _, _, ~ ~ <+) lz ~ ~ I <-) ,z 
Wny(r

1
,r

2
) -

2
a

0
(p,q)l(1+i\(p,q))\Ane(r1,r 2) +(1-i\(p,q)) Anp(rl'r2)t + 

r:! _, (+) (-)* ] l 
+ 2Re[ p+- ~p. q) Any (r 1, r 2 ) Any (r1 , r 2 ) , /19/ 

(t) (-) 
r,lle aMIIJIHTY.llhl Anf(r r ) H Anf(r r ) orrpe,lleJIHWTCH H3 

I ' 2 l ' 2 
cooTHoweaaii 1181 rryTeM 3aMeHhl cocToxaaii I K5 >p;_ a I KL>PI 

aa aMIIJIHTY.llhl pacrra,lla Asn a ALn. a cocToHHHH I K5 >P
2 

a 1 KL>p',) - Ha aMnnHTY.llhl Asr a AL£ . 
JlerKO -BH,lleTb, 'ITO IIpH JII06hlX r

1 
H r

2 
BepOHTHOCTH pera-

CTpaUHH pacrra,lloB, xapaKTepHhlX ,llJIH nap K 5 K 5 • K L KL 

H KS KL OTJIH'iaiOTCH OT COOTBeTCTBYWU(HX CTPYKTYPHhlX ~yHK" 
UHH /13/ HJIH 1141 TOJibKO 3KCllOHeHUHaJibHbiMH MHO~HTeJIHMH. 

O,llHaKo, ecna oT6apaiOTCH cocToxaax ; K. > a I K. >, He coBna-
1 J 

,llaWU(He c I K
5 

> ana I KL > , TO TaKax 4>aKTopa3auax, Boo61l(e 

rOBOpH, y~e He HMeeT MeCTa. HCKJIW'ieHHe COCTaBJIJieT CJiy'laB 

perHCTpaUHH HeHTpaJibHhlX K ·Me30HOB B O,llHHaKOBhlX BHyTpeH

HHX COCTOHHHHX npH T l = r 2 . )l;eHCTBBTeJibHO, eCJIH T l = T z = r, 

TO 

< K. K. I t/1 ( r, r) > = 0, 
1 I -

(-) 
Ann(r,r)=O, 

H BepoxTHOCTb peracTpauaa nponopuaoHaJibHa a0 (p, q)[1 + 1'\(p, q)], 
T.e., ~OPMYJibl 1171 H 1191 nepeXO,llHT C TO'iHOCTbW ,llO MHO~HTeJIH 

BIll/. Ilpa r
1 
~ r

2 
BeJIB'iHHbl <KiKilt/J_(r1 , r 2 ) B A~~ (r1 , r 2 ) 

y~e OTJIH'iHbl OT HYJIH, a HMeHHO 

r,lle 

1 < K. K. I t/1 (r , r ) > = - < K 
I 1 - I 2 -

I K s > < K. I K L > Q ( T ' T ) • 
I 1 · 2 

(-) 
Ann (r I' r 2) 

Q (r 1' r 2) 

..j2 

1 -= Asnl\.nQ(ri' 7 2)' 
..j2 

ms +mL 1s + 1L 
2 exp[-(i-- + --)(r + r )]x 

2 4 I 2 

[' -1 . 
x lsh[2--L(r1 -r2 )+l(m 5 -mL)(r1 -r2 )]l. 4 2 

1201 
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3aMeTHM, 'ITO eCJIH pe'lb H,AeT 06 HHKJI103HBHbiX peaKl(HHX C yqac

THeM nepBH'IHbiX CTpaHHbiX 'faCT HI.(, y)l(e HeJib3JI npeHe6pe'lb reHe

pal(Heil nap K°K0 HJIH KDKo. 06o6Il(eHue nony'leHHbiX paHee cooT

HoweHHH Ha JTOT cnyqaii He npe,AcTaBJIHeT TPY.Aa /cM./!7 I I. ,D;anb

Heiiwee paCCMOTpeHHe OTHOCHTCJI K npol(eCCaM, B KOTOpbiX CHCTeMa 

.ABYX HeHTpaJibHbiX K ·MeJOHOB reHepupyeTc.R B cocToHHHH K°K0
• 

3. B px,Ae cnyqaeB ~YHKI.(H.R ~(p, q) HMeeT npOCTOH ~HJH· 

'leCKHH CMbiCJI. fiyCTb, HanpHMep, Mbl HMeeM B paCCMaTpHBaeMOH 

CHCTeMe OTC'IeTa ,ABa HenO,ABH)I(HbJX HCTO'IHHKa, O,AHH H3 KOTOpbiX 

HJJiyqaeT K0 
·MeJOH, a BTopoil - K" ·MeJoH. 06o3Ha'IHM qepe3 

Vv (R) BepO.RTHOCTb TOrO, 'ITO paCCTO.RHHe Me)I(,Ay HCTO'IHHKaMH 

paBHO R *. Jiy,AeM .AJIH onpe,AeneHHOCTH C'IHTaTb, 'ITO o6a HCTO'f· 

HHKa B036y)I(,AaiOTC.R O,AHOBpeMeHHO, a HX cpe,AHHe BpeMeHa )I(H3HH 

6JIH3KH K HYJIIO. llpu ~HKcupoBaHHOM R aMnJIHTY.Abi a ( p, q) 
H a (p, - q) , BXO,A.Ril(He B /2/, HMeiOT CTpyKTypy 

a (p, q) --- exp { i p ( R 
1 

+ R ?) ] exp ( i qR ) , 
- 2 

a (p, - q ) -" exp I i p ( R1 + R 2 ) ] exp ( - i t R ) , 
/21/ 

r,Ae R1 H R2 - TO'IKH, B KOTOpbiX pacnono)l(eHbl HCTO'IHHKH, 

H R = R
1 

- R
2

. Cor nacHo /21/, aMnJIHTY.Abi a (p, q) H a(i), -<b 
OTMe'laiOTC.R TOJibKO ~a30Bb!M MHO)I(HTeJieM, pa3HOCTb ~a3 paBHa 

qR. CJie,AOBaTeJibHO, BeJIH'IHHY u
0 

(p, q) B COOTHOWe· 

HH.RX /10/, /11/, /13/ H /14/ MO)I(HO C'IHTaTb KOHCTaHTOH, 

a 3JieMeHTbl .ABYX'IaCTH'IHOH MaTpHl(bl nJIOTHOCTH paBHbl 

pll 

p 
12 

p = ! 
22 2 

lfw(R) e;~'H ct3 R /22/ 

* fiO,A'IepKHeM, 'ITO, B OTJIH'IHe OT 60JibWHHCTBa pa60T no 

Koppen.Rl(H.RM TO)I(,AeCTBeHHbiX qacTHl(, BeJIH'IHHa R OTHOCHTCH 

BMeHHO K paCCTO.RHBIO Me)I(,D;y .ABYM.R TO'Ie'IHbiMB BCTO'IHHKaMH, HO 

He K npOCTpaHCTBeHHOMY nOJIO)I(eHBIO Ka)I(,D;OrO H3 HBX. 

10 

fipH 3TOM liJyHKl(HH \ ( p, q) , onpe,AeJIHIOil(a.R nOBe,AeHHe TO)!(· 

.D;eCTBeHHblx KaoHoB /a TaK)I(e napbi Ks KL I 

--) ----) 4 ' ----) ----) --)- 3-+ -----)>----) 

;\ ( p. q) ~ t\ ( q) ~ J Vv ( R) cos ( q R) d R = < cos q R > * /23/ 

_, 3 .112 3 'R 2 
B "!aCTHOCTH, .D;JIJI 3aKOHa raycca ( Vv ( R) = ( ---,-2) exp(-- -2-- )) 

21T< R > 2 d~ > 

HMeeM 

\(q) exp (-.!<?<iF>) 
6 

/24/ 

06JiaCTb reHepal(HH K ·Me 30HOB Beer .D;a HMeeT KOHe'IHbie paJMe • 
->2 1 _, 

pbl, H H3 /23/ CJie.D;yeT, "'TO npH q ">> -_,-- liJyHKl(H.R .\ (q) -> 0. 
< R2 > 

fipe,ACTaHHM npOH3Be,D;eHHe qR B BH,Ae 

q R = q. R + q R
1 

I u , 
l ..:. 0 ,, 

/25/ 

----) -:---)- ----) ----) 

r.D;e qJ. H Rl • KOMnOHeHTbl BeKTOpOB q H R, nepneH.D;HKy-
-> -> 

nxpHble cpe.D;HeMy HMnynbcy p. R
1
1 - npoeKl(HH R Ha HanpaB-

neHue p, U - CKOpOCTb CHCTeMbl KaOHOB, q oo E - E = qu. 
0 I 2 

Tor.D;a, KaK nerKo BH.D;eTb, 

<R2 > 
j 

') :f:* -V;, (;\,(q))lq=O' 
'l 

'Rz zazt\(_, 
" (II > = -u ____ qll 

aq2 <i=o • 
0 

/26/ 

a cpe,D;HHH KBa,ApaT paCCTO.RHH.R Me)I(,D;y HCTO'IHHKaMH K0
- H Ko -

Me30HOB COCTaBJI.ReT 

_, 2 _, z a2 ~ _, ) 
<R

2 >=-v_, (i\Cq))i_, =-[V_, (~(q))+u2 --<9.LJI_, ./26/ 
q q=O ql a 2 q=O 

+ qo 
'' 3aMeTHM, 'ITO ~aKTH'IeCKH B /23/ BXO,AHT TOJlbKO CBMMeTpHq· 

Ha.R 'laCTb W (R) , .D;JI.R KoTopoii W (R) = W (-R) . BepoHTHOCTb 

perHCTpal(BH ,ApyrBX KOHe'IHbiX COCTO.RHHH MO)I(eT 3aBBCeTb H OT 

aHTBCBMMeTpB'IHOH "!aCTB Vv ( R) 
'~ * B 3TOH CB.R3B CM. TaK)I(e §6 B pa6oTe / 23/, 

11 



Ilpa c¢1epuqecxa cBMMeTpB'iHOM pacnpe.n.eneHBH, xor.n.a W ( R) 
He JaBHCBT oT aanpasneHBJI R ,senH'iHHa L'l(q) JIBnJieTCJI cPYHKUBeii 

Ton~oxo q 2• B 3TOM cnyqae 

->2 
<R > - 6 dll- I 

d(q2) q = 0 
/27/ 

C y'ieTOM npBBe,D,eHHbiX COOTHOWeHBH xapaxTep KOppenJIUHB npH perB

CTpaUBH nap HeBTpallbHbiX K-Me30HOB C 6JJB3KBMB BMnyJibCaMH 

onpe,D,enJieTCJI pacnpe,D,eneHHeM paCCTOJIHHH Me)I(,D,y BCTO'iHBKaMB 

K 0- B i{o -Me30HOB. Ilpu 3TOM cPYHKUHJI !l (q) cosna.n.aeT c ¢1opM

¢iaxTopoM, xapaxTepH3YIOUJ.BM yxaJaaaoe pacnpe.n.eneHBe. 

4. B ynOMJIHYTOB BWWe pa6oTe /l 2
/ ycTaHOBJleHO, 'iTO BO MHOrBX 

cnyqaJix peq~o B.IJ.eT He o npJIMOB reaepauaa K
0

- B K
0 

·Me30HOB, 

a o reaepauuu nocpe.n.cTBOM pacna.n.a npoMe)l(yTO'iHWr pe~HaHcos. 

Ilo3TOMY BMeeT CMbiCJl paCCMOTpeTb MO,D,eJlb, B KOTOpoii K
0 

·MeJOH 

po)I(.IJ.aeTCJI BMecTe c pe3oHaHCOM K* /M =892 M3B/, a JaTeM K * 

pacna.n.aeTcJI no xaaany K
0

" /una po)l(.n.aeTCJI JapJI.n.oso-conpJI

)I(eHHaJI CHCTeMa K*K0
, nepeXO,D,JIII{aJI 3aTeM B KOHe'iHOe COCTOJI· 

uue K°K0 11 I. 3.n.ecb MOJKHO aenocpe.IJ.CTBeHHO socnonLJOBaTbCJI 

pe3yllbTaTaMB pa6oT /l, 221. AMDJlBTY.IlW a(a) <P. Q) a a(a) (p, -i.i) 

6Y.IJ.YT BMeTb BB.Il 

a(a) (p, q) _ 1 1 /28/ (a) (... ... ) a p, -q -
X+ y + i X- y + 

DpB'ieM B qeTwpeXMepHOB 3aDHCB 

X = 

q 2 q 2 2 
(p +p+-) +(P +p--)-2M 

TT 2 TT 2 y 
(q,p+ p ) 

TT /28'/ 
2M1 Mr 

IlOCKOJlbKY 4·BMDYJlbC ( p + p ) ecn, Cpe,li,Bee apB¢IMeTB'ieCKOe 
11 

4·BMDYJlbCOB CBC'teMW (K0 1T) DpB 3a,ll,aBBWX BMDYJJJ.CaX KaOHOB 

p = P+ lq 
l ' 2 

p = p - ! q, ero MOJKJIO DpB ,li,OCTaTO'iHO MaJlWX 
2 2 

B 

q oTo)I(.IJ.eCTBnJITb c 4-BMnyn~oco:M K * -peJoaaaca /l,Z
2
/. 

12 

C yqeToM 3Toro 

v - 1._ ( q - q v) )' ' 
. I' 0 

/29/ 

r,D,e V H )' - COOTBeTCTBeHHO CKOpOCTb H nopeHU·¢iaKTOp K"-

MeJOHa. 

.[l.nJI 3JleMeHTOB MaTpHUbl nnOTHOCTH .D.BYXKaOHHOH CHCTeMbl, 

ycpe,D,HeHHbiX no nepeMeHHOH X B HHTepsane (-X I, X 2), r,D,e 

x 
1 

x ., 1 nony'!aeM JHa'ieHHll"' 

) ~ I' ~ :-
(!1 22 2 

0 2 -1 
2e c '(ql=ll•(q-vQ.fl'-J 

I 2 0 (' 2 

!l>opMyny /30/ MO)I(HO TaK)I(e nepenaca Tb B BH,D,e 

. RCv<i- <Jo> 
\ ( q) ~ I Vv, ( R ) cos I -----1 d R . 

v 

/30/ 

/31/ 

I' I R 
r )I.e W v ( R ) = - exp (- - ) !l>yHKUHJI w \ ( R ) COOTBeTCTByeT 

vy vy 

3KCnOHeHUHaJlbHOMY pacnpe.n.eneHHIO paCCTOliHHH Me)I(,D,y .D.BYMll 

HCTO'iHBKaMH, O,D,HH H3 KOTOpblX BbiCBe'!HBaeTCll C BpeMeHHbiM 

JanaJ.n.wsaHHeM R/v. EcnH cxopoCTb peJoHaHca He ¢1axcapyeTcJI, 

Bblpa)l(eHHe /30/ ,D,Jill i\ ( q) HY)I(HO ycpe,D,HHTb no JHa'ieHHli.M v . 
KHHeMaTH'ieCKH BOJMO)I(HbiM npH Ja,D,aHHbiX q H % , B 06JiaCTH 

MaJlbiX q 

1 ... -• 2 • 1 2 . 2 ' -> .· -> • 
A.(q) .. 1--<(qR) /--q <,r ->+ qq <.. Rr.· 

2 2 0 0 
/32/ 

* IlpB cPBKCBpOBaHHbiX q B p ycpe,D,HeHBe no X 3KBBBa· 

neHTHO ycpe.n.HeHBIO no cneKTPY 3cP¢ieKTBBHWX Mace cacTeMw K K rr. 
3aMeTBM, 'iTO .n.nJI yJKHX peJoHaHCOB sap~ouposaaae 3cPcPeKTBBHOH 

MaCChi B o6nacTB BHTep¢1epeHUBB OCTaBnJieT CKOpOCTb peJOHaHCa 
-> 
v npaKTH'ieCKH HeB3MeHHOB. 
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3,ll,eCb 
-> 2 --.2 2 2 11'2 < ( R q) > I q = 2 < vq y > 1 -

cpe,li,HHH xBa,ll,paT npoeKUHH npo6era peJoHaHca Ha BeKTop q, 

< r 2 > = ~2- cpe,li,HHH KBa,ll,paT BpeMeHH Jana3,ll,blBaHHJI 1 <rR> = 

I" 2 

_!__
2 

< vy2 >. IlepBblH 'ineH B /32/ OTBe'iaeT 4JopMynaM /26/ ,a 
I' 

npHCYTCTBHe BTOpOrO H TpeTbero CBJI3aHO C TeM, 'ITO B paCCMaTpB-

BaeMOH MO,ll,enB K0 

IIocxonbKY wHpHHa 

B K0 -Me30Hbl BJny'iaroTCJI He O,li,HOBpeMeHHO. 

K* -MeJoHa HeBenuxa /1" = 50 M3B/, o6cy)K-

,ll,aeMblH MeXaHH3M npBBO,li,BT K ,li,OBOnbHO 60nbWHM npOCTpaHCTBeH-

1lc 
Ho-BpeMeHHblM napaMeTpaM I

r 
4 r!JM./. 

IlpH COllOCTaBneHHH nony'ieHHblX TeopeTH'ieCKHX Bblpa)KeHHH C 

3KcnepHMeHTanbHblMH peJynbTaTaMB cne,ll,yeT, cTporo roBopJI, eme 

y'ieCTb B03MO)I(Hble nonpaBKH, CBJIJaHHble C BnHliHHeM B3aHMO,ll,eHCT

BBJI B KoHe'iHOM cocToJIHHH. Ilo nopJIAKY BenH'iHHbl OHH paBHbl fIR , 

r,ll,e f - ,ll,nHHa pacceJIHHJI paccMaTpHBaeMoii: napbl 'iaCTBU. B oTnu

'iHe OT KOppenJIUHH TO)K,ll,eCTBeHHblX JapJI)KeHHblX rr -MeJOHOB, r,ll,e 

yxaJaHHble nonpaBKH Manbl, B cny'iae K -MeJOHOB OHH MOryT 

urpaTb JaMeTHyro ponb H Jacny)KHBaiOT cneuuanbHOro aHanHJa. 

ABTOPbl 6naro,ll,apHbl P .Jle,!J,HHUKOMY Ja noneJHble JaMe'iaHHJI. 
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