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fl106ow11u; B.n., Ilogropeu;KHH M.H. 
3aMetraHHfl O rrapHblX KOppeJ1HU11HX TO)l(AeCTBeHHb!X 
11110HOB, rer1ep11pyeMbIX 11POTH)l(eHHblM11 HCTOlJ:HHKaMH 

P2-92-40 

06Cy)l(gaIOTCfl ABYXtraCTHlJ:Hbie Koppe.rrHUHH TO)KgeCTBeHHblX 
IlHOHOB C 6J1H3KHMH 11MI1YJ1hCaMH B paMKaX KOHKpeTHOH MOgen11 
OAHOtraCTHlJ:HbJX HCTOlfHHKOB, KBaHTOBO-MexaH11trecKH "rrpHB.H-
3aHHb!X11 K orrpegeneHHbJM rrpOCTpaHCTBeHHbIM TOl.JKaM. CTerreHb 
IlPOTfl)l(eHHOCTH HCTOlJ:HHKa orrpegenHeTC.H 3aBJ1Cl1MOCTbIO BOJ1HO
BOH <PYHKUHH OT ero CMe~eHH.H OTHOCHTeJJbHO "u;eHTPaJJbHOH 11 

TOlJ:KH. IloKa3aHo, lJ:TO OTKa3 OT rrpegcTasneHHfl O )l(eCTKO 
3.'.lKpenneHIIb!X TOtrelJ:HbIX HCTOt.rHHKax rrpHBOAHT K rrepeorrpege
neHHIO pa3MepOB o6naCTl1 rettepau;1111 !1110HOB. PaccMOTpeHHaH 
MOAenb OXBaTbJBaeT B KatreCTBe rrpegenbHbIX c11Tyau;11H tracT
HbJe cnytraH )l(eCTKO 3aKpermeHHblX HCTOlJ:HHKOB H CB060Al-lb!X 
HCTOlJ:HHKOB, HaXOA.H~HXCfl BHYTPH HeKOTOPOH orpaHHt.reHHOH 
rrpocTpaHCTBeHHOH I10J10CTH. 

Pa6oTa BbmontteHa B na6opaTop1-rn BbICOKHX 3tteprHH Ol15IH. 

npenpHHT O6he)lHHCHHOro HHCrnryTa ll)lCpHb!X HCCJIC;t0BaHHH . )ly6Ha 1992 
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Lyuboshitz V.L., Podgoretzky M.I. 
Remarks on Pair Correlations of Identical 
Pions Generated by Extended Sources 
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Two-particle correlations of identical pions with 
close r.1omenta are discussed in the framework of the mo
del with one-particle sources quantum-mechanically bound 
to definite points of space. The extent of each source 
is determined by the dependence of its wave function 
on displacement relative to corresponding "central 
points". It is shown that the refusal from the concept
ion of hard fastened point sources leads to changing ef
fective dimensions of the pion generation region. The 
considered model contains as limited situations two par
ticular cases: hard fastened sources and free sources 
dispozed inside any space region. 

The investigation has been performed at the Laborato
ry of High Energies, JINR. 
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B PHAe pa6oT aHanH3 HHTep¢epeH4HOHHWX KOppenH4HA TOmAeCT
eeHHWX nHOHOB C 6nH3KHMH HMnynbCaMH npoBOAHnCH Ha OCHOBe npeA
cTaeneHHH O HenOABHmHWX HCT04HHKax, mecTKO 3aKpenneHHWX B pa3-
nH4HblX T04KaX npocTpaHCTBa /CM.' HanPHMep' o6sop 111 /. BosMom
Ha, KOHe4HO, H ApyraH MOAenb, B paMKax KOTopoA HCT04HHKH nHO
HOB 3aKnl04eHbl BHYTPH HeKOTopoA orpaHH4eHHOA o6nacTH, HOB oc
TanbHOM C4HTa~TCH cso6oAHWMH. HHme npeAnaraeTCH npocTaH CXeMa, 
061,eAHHmo~aH o6a sapHaHTa B Ka4eCTBe pa3nH4HblX npeAenbHblX cny-
4aes. 

6yAeM C4HTaTb, 4TO KamAblA H3 ABYX OAH04aCTH4HblX HCT04HHKOB 
11 nPHBH3aH 11 /nOA06HO B036YmAeHHOMY HAPY B ysne KpHcTannH4eCKOA 
peweTKH/ K onpeAeneHHOA npocTpaHCTBeHHOA T04Ke, Hera ABHme
HHe OTHOCHTenbHO 3TOA T04KH onHcwsaeTCH CHCTeMoA CTa4HoHapHWX 
sonHOBblX ¢yHK4HA 1/ln C COOTBeTCTBYIO~HMH 3HeprHHMH CBH3H fn. 
AnH AanbHeAwero KOHKpeTHblA xapaKTep 11cBH3H 11 6espasnH4eH, sameH 
TOnbKO HBHblA BHA sonHOBOA ¢yHK4HH HCT04HHKa t/1, a TaKme 3aKOH 
pacnpeAeneHHH nonomeHHA 11 4eHTpanbHblX To4eK 11 .s npocTpaHcTse. 
CKasaHHOe ¢aKTH4eCKH 03Ha4aeT, 4TO BMeCTO T04e4HWX HCT04HHKOB 
paccMaTpHBalOTCH HCT04HHKH npoTHmeHHble, KamAblA H3 KOTOpblX H3ny-
4aeT nHoH KorepeHTHO so sceA npocTpaHcTseHHoA o6nacTH, oxsa
TblBaeMoA BOnHOBOA ¢yHK4HeA t/1. 

Ha4HeM C OAHOrO HCT04HHKa C 4eHTPOM B T04Ke fa; era KOOPAH-
➔ ➔ ➔ ➔ 

HaTa r = ra + p, rAe p - paccTOHHHe AO 4eHTpa. AnH onpeAe~eH-
HOCTH npeAnonomHM, 4TO BOnHOBaH ¢YHK4HH HCT04HHKa tµ = 1/1 0 ( 'P) 
OTBe4aeT OCHOBHOMy CTa4HoHapHOMY COCTOHHHIO. ~cnYcKaHHe nHOHa 
conposomAaeTcH nepeAa4eA HCT04HHKY HMnynbca OTAa4H. 3To MomeT 
npHsecTH K nepeXOAY H3 nepsoHa4anbHoro COCTOHHHH 1~BH3H 11 1/lo 
B KaKoe-nH60 APYroe CTa4HOHapHoe COCTOHHHe t/Jn. npH ycnoBHH, 4TO 
3HeprHH B036YmAeHHH €n 04eHb Mana no cpaBHeHHIO C 3HePrHeA nHO
Ha, COOTBeTCTBYIO~aH aMnnHTyAa nponop4HoHanbHa 

➔➔ 

➔ * ➔ ➔ ➔ ➔ -ikr 3 ➔ 
A no ( k) = f r./1 n ( r - r a ) r./1 0 ( r - r a ) e d r , 

➔ ➔ ➔ ➔ 

rAe k = p/n , p - HMnynbC nHOHa, r - TeKy~aH KOOPAHHaTa HCT04-
➔ ➔ ➔ 

HHKa. nepeXOAH K OTHOCHTenbHOA KOOPAHHaTe p = r - ra, nony4aeM 

➔➔ 

Fno(k)e-ikra, Fno(k) = Frio(-k) =fr./J;(;)r./Jo(;)1,e-ik'pd3p./l/ 



nycTb HMeroTCH ABa TaKHX HCT04HHKa C 4eHTP.aMH B T04KaX fa 
1-1 rb 1-1 C BOJlHOBblMl-1 c)JyHK4"1HM"1 t/J~a)(-p') 1-1 t/J~b)(p") , rAe p' 
1,1 p" - paccTOHHHH AO COOTBeTcTeyro~1,1x 4eHTpOB. TorAa aMnJlHTY-

➔ -1:..! 
Aa OAHOB_peMeHHO~ reHepa41,11,1 ABYX nHOHOB C HMnYJlbCaMH P1 = 1~1 
1,1 p 2 = hk2 c nepexoAoM 11cBH3"1 11 nepeoro 1-1cT04HHKa e cTa41-10Hap

Hoe COCTOHHHe "'~a) ( p') ' a BTOporo - B COCTOHHHe 1/J ~b \;;,,) 

nponop41,10HaJ1bHa 

• ➔ ➔ ➔ ➔ 

A(a,b) (k k) 
no,mo 1' 2 

F(a) ( k ) F(b) ( ➔ -ik1ra -ik2 rb 
no 1 mo k 2) e e + 

+ F (a)(k ) F(b)( ➔k ) -ik2;a -ik\ -~\ 
no 2 mo 1 e e 

/2/ 

a COOTBeTCTBY~~aH eepoHTHOCTb nponop41-10HaJ1bHa 

(a,b) ➔ ➔ (a) ➔ 2 (b) ➔ 2 (a) ➔ 2 (b) ➔ 2 
Wno,mo(kl • k2) = I Fno (k1) \ 1Fmo ( k2) \ + IF no ( k 2) I IF mo ( k 1) ! + 

+ 2Re[F(a)(k ) F*(a.)(k ) F(b)(.:+ ) *(b) ➔ -i(k1-k2H;a-~) 
· no 1 no 2 mo k2 Fmo (k1 )e ]. 

/3/ 

nocKOJlbKY B peaJlbHblX Koppe11H4HOHHblX 3Ktnep1,1MeHTax COCTOH

HHH 11 CBH3"1 11 "1CT04H"1KOB He c)JHKCHpy~TCH' BblPa>KeHHe /3/ HaAO e~e 

npocyMM1-1poeaTb no HHAeKcaM n 1-1 m. nerKo BHAeTb, 4TO C y4eTOM 

1,13eeCTHoro YCJ10B"1H nonHOTbl AJlH C"1CTeMbl opTOHOPMHPOBaHHblX <l>YHK-

41,1~ 

. ➔ :! 
I 1/J~ (p) t/Jn (p) 

➔ 

33 (-p - ·p) /4/ 
n 

cnpaBeAJ1"1BW p~eeHCTBa 

➔ 2 ➔ ~ ➔ ➔ ➔ ➔ 
I IF no ( k) I = 1 , I F no ( k 1) F n*o ( k 2 ) = F 00 ( k 1 - k 2) = F 0*0 ( k 2 - k 1) • / 5 / 
n n 

0TCroAa KOppellH4"10HHaH <l>YHK4"1H ABYX nHOHOB 

➔ ➔ 1 . (a,b) ➔ ➔ 
C(k1 ,k2) = 2 :,m Wno,mo (k1 ,k2) 

np1,1H1-1MaeT BHA 
➔ ➔ ➔ 

-iq(ra -rb ) 

· C(k1,k2 ) =1.+Re[F~:>(q)F6~>(q)e 1, /6/ 

➔ 

rAe _q 
➔ 

k1 
➔ 

k2. 

2 

l: 

l 
l 

B AaJlbHe~weM Mbl 6yAeM C4HTaTb, 4TO <!>YHK41-11,1 t/J~a) 1,1 t/J
0
(b) OAH

HaKosw. TorAa cornacHo /6/ 

➔ ➔ ➔ 2 ➔➔ ➔ 

C ( k1 , k 2 ) = 1 + !F 00 ( q) I cos [ q ( ra -r b)), 171 

➔➔ 

F ( ➔) f \ ➔ 2 -iqp 3 ➔ oo q = 1/J O ( P) I e d p. /8/ 

Ec111,1 K ,:oMy ~e npOCTpaHCTBeHHble pacnpeAeJleHHH KOOPAHHaT 
11

4eHTpos
11 
.. ra 1-1 rb He3aBHC"1Mbl 1-1 onHCblBaroTCH OAHHM 1-1 TeM )Ke 3a

KOHOM U(r)' TO 1,13 /7/ CJleAyeT 

C ( kl . k2 ) = l + i F' 00 ( q) t 2 ! <}J ( q ) I 2, /9/ 

rAe 

➔➔ 
➔ ➔ -iqr ,... ➔ 

<ll(q) == fU(r)e d"r /10/ 
-, 

- c)Jypbe~o6pa3 pacnpeAeneHHH U(r). 
nocKOJlbKY B c)JOpMyny /9/ BXOAHT npo"13BeAeH1,1e c)Jypbe-o6pa30B 
➔ (➔ Fao<q) 1-1 ·<lJ q), MO>KHO C4"1TaTb, 4TO Aeno CBOAHTCH K npocTOMy 

"13MeHeHHro pacnpeAeneHHH KOOPAHHaT Ka>KAOro ·1,13 "1CT04H"1KOB, KOrAa 
➔ ➔) ' 

K seKTOPY r' pacnpeAeJleHHOMy no 3aK0Hy U(r 'A06aBnHeTCH He3a-

B"1C"1MW~ seKTOp ;, pacnpeAeneHHW~ no 3aKOHY 11/Jo(~)\ 2 • 
. ➔ . 

nycTb, HanpHMeP, <l>YHK4"1H t/Jo(p) COOTeeTcTeyeT OCHOBHOMY co-

CTOHHl-1~ 11oc4~1J1JlHTOPHO~ CBH3"1 11
• TorAa B ctiopMyne /8/ 

.➔ 2/2A2 1 -p , L\ 

-----e 
(211 ti 2) 3'2 

➔ 2 
lt/Jo(p)\ = 

rAe ee111,141-1Ha b. xapaKTep1,13yeT pa3Mepw Ka>KAOro 1,13 oc41-1nnHTopoe. 

Ecn1-1 K ToMy >Ke 

1 -;2/2R2 

U(r) = ---, e 
( 211R 

2
/ 

2 

to 1,13 c)JopMy11b1 /9/ cneAyeT Bb1pa>KeH1,1e 

➔ ➔ 
-(R2+ti2)~2 

C(k 1 ,k 2 ) 1 + e /11/ 

T. e. 3c)Jc)JeKT1,18Hbl~ PaAHYC R o6naCT1,1 reHepa41-11-1 yeen1,141,1saeTCH: 

R2=R2+62. /12/ 
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TaKaR me CBR3b MemAY cpeAHHMH KBaApaTaMH CMe~eHH~ HMeeT MeCTO 
H B o6~eM cny4ae npH n~6oM BHAe u H 1. CooTHOWeHHe MemAY senH-

➔ 2 ➔ 2 4HHaMH < r > H <p > MomeT 6b1Tb npOH3BOnbHblM. }l(ecTKO 3aKpenneH-
HblM HCT04HHKaM COOTBeTCTBYeT ycnosHe < ·p 2 >/ < r' 2> << 1. npH Bbl
nonHeHHH npOTHBOnOnOmHoro ycnOBHR <r 2 >/ < p2> « 1 pacnpeAene
HHe 11 4eHTpanbHblX T04eK 11 ¢aKTH4eCKH He cKa3blBaeTCR Ha ABYX4ac
TH4Hb1X KoppenR4HHX, KOTOpble B 3TOM cny4ae onpeAenH~TCR TOnbKO 
paaMepaMH o6nacTH noKanH3a4HH eonHOBWX ¢YHK4H~, onHCWBa~~HX 
ABHmeHHe HCT04HHKOB. CoOTBeTCTBeHHO, B ¢opMyne /9/ OCTaeTCH 

➔ ➔ 1 TOnbKO cpopM¢aKTOp Foo(q)' nocKonbKY <ll(q)= • JlerKO BHAeTb, 
4TO TaKHM me o6pa30M onHCWBaeTCH H ynoMRHyTaR swwe CHTya4HR, 
KOrAa HHKaKHX 11 4eHTpanbHblX T04eK 11 B006~e HeT' a cso6oAa nepe
ABHmeHHR HCT04HHKOB orpaHH4HsaeTCR TOnbKO cTeHKaMH KaKo~-nH60 

nonocTH. 
H3nomeHHwe 3neMeHTapHwe coo6pameHHR nerKo nepeHOCRTCR 

H Ha 6onee cnomHwe CHTya4HH. HanpHMep, pacnpeAeneHHe caMHX 
114eHTpanbHblX To4eK 11 MOmeT HMeTb TaKme KBaHTOBo-MeXaHH4eCKY~ 
npHpOAY H onHCblBaTbCR c nOMO~b~ BOnHOBblX ¢YHK4H~, 3asHCR~HX 
OT KOOPAHHaT ~ H ~. BwpameHHe /9/ ocTaeTCH cnpaseAnHBWM 
H B TaKo~ MOAenH. EcnH nHOHbl reHepHPY~TCR He OAHOBpeMeHHO, 
a B pa3Hble MOMeHTbl epeMeHH, TO COs(q(ra-tb)) B cj)opMyne /7/ 
3aMeHReTCR, KaK 06bl4HO, Ha Cos(q(;a:...r\) - q 0 (ta - tb )} , me 
q

0 
= (E

1 
- E

2
) /b, E 1 H E 2 - 3HeprnH nHOHOB /cM.1 11 

/. B 3TOM 
cny4ae ycpeAHeHHe KOppenR4HOHHO~ cj)yHK4HH no eAHHOMY npocTpaH
CTBeHHO-BpeMeHHOMY pacnpeAeneHH~ HCT04HHKOB U(r,t) AaeT 

➔ ➔ · ➔ 2 ➔ 2 
C (kl , k 

2 
) = 1 + \ F 00 ( q) \ \ <ll ( q, q O ) \ , 

/13/ 

rAe 

<ll{q • qo) 
➔ -i(qr-q0 t) 3 ➔ 

f U ( r , t ) e d r dt. /14/ 
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