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KpamKuecoo611 !1JIWJI OHJIH JfJ4]-92 

Y.D,K 539.126.4 

JINR Rapid Communications No.3fJ4]-92 

0 HABJIIO.LJ.EHHH f'HBPH.LJ.HbiX PE30HAHCHbiX COCTOSIHHR 

1-+ H 1 ++ B ITPOIJ.ECCE .LJ.H<IlPAKIJ.HOHHOf'O PO)f(.LJ.EHHSI 

:rc+:rc-:rc- -CH CTEMbl 

M.A.AHaHbesa, A.B.foJiy6'!HKOB, O.A.3anM~opora 

Ha OCHonaHim napl(HaJJbHO-oonHoooro auaJJH311 120000 IIHQJpaKI.(HOHHO­

polK,neH ubJX :rc + :rc- :rc- -COObiTHH)lOKa311H pe30HaHCHbiH xapaKTep J pc = 1-+- H 

I++- coCTOIIIIHH. l'eJynhTaTbl aHanHJa coHnerenbCTBYIOTOTOM, 4T03TH COCTOSJ­
IIHII HMeiOT JaMCTHbiH BbiXOI\ 8 1\HQJpaKI.(HOHHbiX npol(eccax H MOryT 6b1Tb 
HHTepnpeTHpoBallbl KaK rn6pH,Illlble COCTOIIIIHII . 

J>a6ora BbmOnHeHa o Jla6oparopHH coepxBbiCOKHX 3Heprni1 OHSIH. 

On the Observation of Hybrid Resonance States 

1-+ a d 1 ++in the Diffractively Produced 3:rc-System 

M.A.A nanieva, A.V.Go1ubchikov, O.A.Zaimidoroga 

On the basis of the partial-wave analysis of 120000 diffractively produced 

:rc•:rc-:rc - events, the resonance character of the JP< = 1-+ and I++ states has 

been proved. The results of the analysis show that those states have a noticeable 
yield in the diffractive processes and can be interpreted as hybrid states. 

The investigation has been performed at the Particle Physics Laboratory, 
JlNR. 

Koanrosa .11 xpoMO~HHaMHKa npe~cKa3biBaeT [ 1 ) cy~eCToooanue CBR-

3aHHblx COCTOSIHHH, TaKHX, KaK: rJIIOOoJlbl - CBR3aHHble COCTO.IIHHSI rJIIO­

OHOB; 3K30TH'!eCKHe MHOI'OKBapKOBble COCTO.IIHHSI (qqqq) H rH6p~b1 -

CBR3aHHble COCTO.IIHHSI KBapK-aHTHKBapKOBOH napbl H rJIIOOHa. 3TH CO­

CTO.IIHHSI ~OJI.)I(Hbl CyW.eCTBOBaTb HapR~Y C KBapK-aHTHKBapKOBbiMH CO­

CTOSIHHSIMH. 

0TKpb1TH TaKHX COCTOSIHHH H H3y'!eHHe HX C80HCTB HMeeT Ba.)I(HOe 

3Ha'!CHHe ~JIR: 

- npRMoro ~oKa3aTeJibCTBa cyw.ecTsosaHHR rmooua, nposepKH KXJI.; 

- CyUJ.eCTBOBaHHSI BaJieHTHOI'O rJIK)OHa (a KBapK-aHTHKBapKOBaSI CH-

CTeMa )l.OJI)KHa BXO)l.HTb B U.BeTOBOH OKTeT nOMHMO CHHrJieTHOI'O COCTOSI­

HHSI no U.BCTy); 

- HCnpRMOI'O yKa3aHHSI Ha peweTO'!HbiH nO)l.XO)l.. 

3KcncpHMCHTaJibHaR CHTyau.uR TaKosa, 'ITO cneKTpocKonHR ru6p~os, 
MHOI'OKBapKOBbiX COCTOSIHHH H MC30HOB O'!eHb TCCHO COOTHOCHTCSI. B 00-
JiaCTH MaCC 1+2 f'38/ c2 )).0Jl.)I(H0 )l.OllOJIHHTCJlbHO CYW.CCTBOBaTb -15 HO­

HCTOB. 06bi4Hb1M npH3HaKOM HX OOHapy.)I(CHHSI SIBJIReTCSI Ha6JIIO)l.CHHe 
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~OflOJIHHTe.TibHbiX COCTOSIHHH, He BXO~SI~HX B (qq)-HOHeThl, T.e. COCTOSI­

HHH CO CflHHOM H 4eTHOCTbJO, 3anpe~CHHblX B KBapK-aHTH KBapKOBOH MO­

~e.TIH. 003TOMY flOHCK pe30HaHCOB B MaCCOBOM CflCKTpe , onpe~CJICHHe 
CflHHa H 4eTHOCTH COCTOSIHHH SIBJISICTCSI HC~OCTaT04HblM AJISI 3aKJIJ04CHHSI 

o ru6pu~HOM xapaKTepe pe3oHaHcos. 11Hor~a ueo6xo~uMo ycTaHOBHTb 

MexaliH3M pmK~CHHSI 3THX COCTOSIHHH. TaKHM, uau6oJiee npusJieKaTCJib­

HblM MeXaHH3MOM, SIBJISieTCSI AH<f>paKU,HOHHOC o6pa30BaHUe pe30HaHCHblX 

COCTOSIHHH. 

B t-KaHaJie Heynpyroro ~u<f>paKu,HOHHOro npou,ccca ~OMHHupycT o6-

MeH flOJIIOCOM C KBaHTOBbiMH 4HCJiaMH BaKyyMa, H aMnJIHTy~a npou,ecca 

He 3aBHCHT OT CflHHa H H30TOflH4CCKOro CflHHa. 003TOMY po)l(~eHHaSI CH­

CTeMa COXpaHSieT KBaHTOBble 4HCJia Ha4aJibHOro aApoHa, a CflHH H 4eT-

HOCTb npHHa~Jie)I(~T K "HeHaTypaJibHOH cepuu: /),p = ( - 1 )IV, r~e !!..P, 
!!..J eCTb H3MeHeHHe 4CTHOCTH H nOJIHOro CflHHa CHCTeMhl. BCJICACTBHC 

3Toro s pe3yJihTaTe ~u<f>paKu,uu na~aJO~cro 6o3oHa Ha SIAPC KaK u,eJIOM 

po)l(~aeTCSI 0030HHaSI CHCTeMa, COXpaHSIJO~aSI BCC AHCKpCTHble KBaHTOBbiC 

I.JHCJia HaJieTaJO~ero 6o3oHa. 

B pe3yJihTaTe OOJihwou nepe~a4H 3Hepruu 6o3oHHoii cucTeMe npH 

4pe3Bbl4aHHO MaJibiX nepe~ai.JaX HMllYJibCa H OrpaHH4CHHOM I.JHCJIC CO­

CTOSIHHH flO CflHHY H 4eTHOCTH 3TH npou,eCCbl npeAOCTaBJISIJOT B03M0)1(­

HOCTb H3y4eHHSI B036y~eHHbiX COCTOSIHHH 0030HHbiX CHCTeM, T.e. 

CneKTp ypoBHeH B036y)l(~eHHSI KOHCTHTyeHTOB naAaJO~eH 3JieMeHTapHOH 

4aCTHU,bl. B 3THX npou,eccax SlpKo npoSIBJISIJOTCSI BOJIHOBble csoncTsa 4a­

CTHU., H B036y~eHHe pe30HaHCOB OOyCJIOBJieHO HHTep<f>epeHU,HeH BOJIH 

Ha saneHTHhiX KOHCTHTyeHTax cocTaBHbiX 4aCTHU,. Oe3TOMY o6Hapy)l(e­

Hue KBapK-rJIJOOHHbiX pe30HaHCOB B AH<f>paKU,HOHHbiX npou,eccax npSIMO 

CB~eTe.TibCTBOBaJIO 6bl 0 cy~eCTBOBaHHH fJIJOOHa B BaJICHTHOM COCTOSI­

HHH. 

lJ,eJibJO HaCTOSI~eH paOOTbl SIBJISieTCSI OOcy)l(~eHHe pe3yJibTaTOB nap­

U,HaJibHO-BOJIHOBOfO aHaJIH3a ~u<f>paKU,HOHHbiX COObiTHH u H3y4eHue 

BKJiaAa KaH~H~aTOB B ru6p~Hble COCTOSIHHSI. 

3KcnepuMeHTaJibHble AaHHble 6biJIH noJiy4eHbl Ha ycKo puTeJie 70 f3B 

s Cepnyxose KOJIJieKTHBOM Hay4HbiX rpynn OJHII1 u H au,uoHaJibHOro 

HHCTHTyTa MepHOH <f>u3HKH 11TaJIHH - coTpy~HH'IeCTso BoJIOHbSI -

Lly6Ha-MuJiaH [2]. B 3KcnepHMCHTe H3y'la JICSI npou,ecc 

TC- A ... TC + TC-TC- A Ha ACBSITH Sl~pax npH 3HeprHH 40 f38 . Y CTaHOBKa It 

ee OCHOBHble y3Jibl onucaHbl s pa6oTc [3]. OpeACTaBJieHHhle pe3yJihTaTbl 

OCHOBaHbl Ha napU,HaJibHO-BOJIHOBOM aHaJIH3e 12{)()()() AH<f>paKU,HOHHO-OO­

pa30BaHHbiX Jn-COObiTHH C 4-MCpHOH nepe~ai.JCH, MeHbWeH nepe~a•IH, 

COOTBeTCTBYJO~eu nepsoMy AH<f>paKU,HOHHOMY MHHHMYMY AH<t><l>epeHu,n­

aJibHOro CC4CHHSI npou,ecca AJISI pa3JIHlJHbiX MHWCHCH (Ha npHMep, MeHb-
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we 0,04 (f38/c)
2 

AJISI SIAP3 6epHJ1JlHSI H MeH&We 0,008 (f3B/ c)
2 

AJISI 

SIApa C8HHu,a). 3ToMy yCJI08HJO YA08JteTBopSIJlo 15% COObiTHii. 

TiapU,HaJibH0-80JlH080H 3HaJIH3 1t + 1t-1t- -COObiTHH ocylll,eCT8JlliJICSI no 

nporpaMMe J1JIJIHHoiicKoro yuH8epcHTeTa [ 4 ], aAanTHpo8auuoii K yCJio-

8HSIM Aauuoro 3KcnepHMeHTa. BoJIH08oii aHaJIH3 KorepeHTHbiX co6biTHii, 

AH<f>paKU,HOHHO-o6pa3yeMbiX Ha S1Apax, 8CJleACT8He MaKCHMaJibHOH HH­

Tep<f>cpeHU,HH MC)I(Ay 80J1HaMH ll0380J1SieT DOJIY"4HTb HaAe:lKHble H3Mepe­

HHSI ux OTHOCHTeJI&HbiX <f>a3. CnHH08aSI CTPYKTypa 3Jl-cacreMbl onHCbl-

8aeTCSI CJieAyJOili,HMH K8aHT08biMH "4HCJlaMH: J P LM1J, rAe J P 

CllHH-"4eTHOCTb 1t + 1t-1t- -CHCTeMbl, L - op6HT3JlbHbiH MOMeHT Me30Ha 

OTHOCHTeJlbHO AHDHOHa, M - MarHHTHOe K8aHT080e "4HCJIO, 1J - COO­

CT8eHHOe 3H3"4eHHe OnepaTOpa OTpa:lKeHHSI 8 DJIOCKOCTH po)I(Ae HSI. ·J1c­

KOMbiMH napaMeTpaMH aHaJIH3a SI8JISIIOTCSI 3JleMeHTbl p-MaTpHU,bl H KOM­

nJieKCHble napaMeTpbl MaTpH"4HOro 3JteMeHTa pacnaAa. MaTpH"4HbiH 

3JleMeHT pacnaAa 8 CHCTeMe DOKOSI 3Jl-CHCTeMbl C OCI>IO K8aHT08aHHSI 

8AOJ1b Hanpa8JleHHSI naAaJOill,ero Me30Ha 8blpa:lKeH "4epe3 AaJIHTU,08CKYIO 

aMDJIHTYAY C <f>aKTOpH3au,ueii 8KJlaAa A8YX"4aCTH"4HOro COCTOSIHHSI (H30-

6apuoe npu6JIH:lKeuue) H yrJibl opueuTau,HH (3iiJiepa) 3Jl-cHCTe bl. AHa­

JlH3 AaJIHTU,-pacnpeAeJieHHH llOKa3aJI, 'ITO AOMHHHJ}YIOili,HH KJ):aA 8 

cneKTp AHDHOHHbiX Mace AaJOT p- H /-Me30Hbl, a TaK:lKe S-80JIH0 80e CO­

CTOSIHHe :n:n-cHcTeMbl, npu :noM 8 Ka)I(AOM co6biTHH COAep:lKHTCR OAHH 

H3 3THX AHDHOH08. OnpeAeneuue ua6opa napu,HaJI&HbiX 80JIH, 338HCR­

mux OT MaCChi 3Jl-CHCTeMbl, npeACTa8JISleT CoOOH HTepaU,HOHHbiH npo­

u,ecc. HaMH 6biJI TllJ.aTen&Ho H3y"4eH 8KJiaA wapoKoro ua6opa 8 JIH. Pe-

3YJI&TaTbl 3THX HCCJleA08aHHii ony6JIHK08aHbl 8 pa6oTax [5,6, 7 ]. B 

HaCTORllJ.eH paOOTe AeTaJibHO H3Y"4aJIHCb pe30HaHCHble C80HCT83 MHHOp­

HbiX 80JIH 8 o6JtaCTH Mace AO 2 f3B/c
2

• BKJiaA aMDJIHTYA c co6CT8eHHbiM 

3Ha"4eHHeM onepaTOpa OTpa:lKeHHSI 1J = -1 OK333JICR CHJibHO DOA38JleH­

HbiM 8 KorepeHTHOii o6JtaCTH (Meuee 0, 1 %) . B 3TOM CJiyqae p aur MaT­

PHU.bl DJIOTHOCTH pa8eH A8YM, H "4HCJIO napaMeTpo8 ue TaK 8eJIHKO. TioJI­

HbiH 8KJ13A aMDJIHTYA C nepe80poTOM CDHHa (M '# 0) 6biJI H3y"4eH H3MH 

pauee [8 ]. B Aanuou pa6oTe uaMH HCCJieA08aJIHC& pe3onaucuble C8oiiCT8a 

3MDJIHTYA C nepe80poTOM CllHHa • .ll,JISI 8b180A3 0 pe30H3HCHOM X paKTepe 

MHHOpHbiX 80JIH HeOOXOAHMO HCCJleA083T&: 8JIHRHHe napaMeTpH33U,HH S­

COCTOSIHHR ltlt-CHCTeMbl, Y8eJIH"4eHHe 8eJIH"4HHbl <f>yHKU,HH M3KCHMaJibHO­

ro np38AOllOAOOHR 8 npHCYTCT8HH HCCJleAyeMOH 80J1Hbl 8 338HCHMOCTH 

OT 8eJIH"4HHbl ee OTHOCHTeJibHOH <f>a3bl. TiapaMeTpH33li,HSI S-80JIH0 80H AH­

llHOHHOH 3MDJIHTYAb1 6biJia CAeJiaHa AJISI £-pe30HaHca (m = 0, 77 f3B/ c
2

, 
E 

r£ = 0,4 f3B), <f>a3 ynpyroro :n+:n- -pacceSIHHSI H :n°:n°-pacceRH HR. Pa3-

JIH"4H3SI napaMeTpH33U,HSI 8JlHSleT TOJlbKO Ha HHTeHCH8HOCTb HHTCp<f>epeH-
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u.uu Me~y pa3HbiMH MOAaMH pacnaAa AJUI Aauuoro cnuua-4eTHOCTH co­

CTO.siHH.sl H He BJIH.sleT Ha 8KJiaAbl pa3Hb1X J P. B 3TOH paooTe npHBeAeHbl 

pe3yJihTaTbl c e-napaMeTpH3au,ue8, KOTopaSI cucTeMaTH4eCKH AaeT OOJlh­

mytO BeJIH'lHHY cPYHKU.HH MaKCHMaJihHoro npa8AOnOAOOHSI. B auaJIH3e ue 

paCCMaTpHBaJIHCh 80JlHbl C HHTeHCHBHOCThiO Meuee 0,5~ H MaJibiM <t>aK­

TOpoM Ko repeHTHOCTH. B OOJlaCTH Mace Meuee 1 ,5 r3B/ c onpeAeJISIIO~HH 

0 - o- 1 + 1 + + 2-BKJiaA Aa tOT BOJlHbl S, P, S, P, 1 D u P c BbiCOKHM <t>aK-

TOpoM KorepeuTHOCTH (> 0,5). B 3To}i o611aCTH ABe cnuu-<t>Jlnnn08hle 

BOJIHbl 2 + D1 + u 1-P1 + npoRBJISIIOT pe3ouaucuble csolicTBa. Bo11ua 

2 + D 1 + !IBJl.sleTC.sl OCH08HOH 80J1HOH xoporno ycTauosJieuuoro a
2 
(1320)­

pe30HaHca. Ha pHC.1 noKa3aHbl ee HHTeHCHBHOCTh H OTHOCHTeJihHa!l <t>a-

3a. 8 Ka4eCTBe OnOpHOH 83SITa BOJIHa 0-P (p:rc), KOTOpaSI HMeeT MeAJieH­

HO MeH.siiOUJ.HHCSI CHrHaJI B lliHpoKOM MaCC080M cneKTpe, a ee cPa3a 

H3Meu.s~ercR 8Cero ua - 20" (9), 'ITO 6hiJlO ua8Aeuo npu TeopeTH4eCKOM 

aHaJIH3e uepe30HaHCHOH aMllJIHTYAbl. 
. + 

BKJiaA napU,HaJihHOH 80JIHbl 1 - p 1 (p:rc) COCTaBJISieT OKOJIO 2%, H ee 

HHTeHCHBHOCTh AOCTuraeT MaKCHMyMa 8 pauoue 1200 M3B/c
2

, 'ITO, ua­

P.siAY C OTHOCHTeJihHOH cPa30H, BUAHO Ha puc.2. D.BH)KeHHe cPa3bl 3TOf'O 

COCTO.siHHSI no OTHOWeHHIO K BOJlHe 0-P (p:rc) COCTaBJISieT - 90". 3Ta BOJI­

Ha HMeeT 8b1COKHH cPaKTOp KOrepeHTHOCTH (> 0,5) H llOKa3bl8aeT llOCTO-

fOO. 

50. 

150° 

90 
30° 

-Jo· 

-9d 
-f20 

8 

COObmtH/ 40 M3B 

A 2 (2+])1+) 

L 
1.1 I 1.3 1.5 M.3.,. raejc2 

+t f(2+])1+-o-p) 

t++ 

4 
1.1 1.3 1.5 1'13r r3B/c2 

SIHHYIO cPa3y OTHOCHTeJihHO BOJI­

Hbl 1 + S ycTaHOBJieHHOf'O B 3TOH 

o6JiaCTH a 1(1260)-pe3ouauca. 

Heo6xoAHMOCTh y'leTa 3TOH 

80JIHbl AJISI onucauuR AaHHbiX 

6hiJia nposepeua no yseJIH'le­

HHIO 3Ha4eHHSI cPYHKU,HH MaKCH­

MaJihHOf'O npaBAODOAOOHSI B AH­

ana30He Mace 1' 1-1,3 r3B/ c
2 

8 

3a8HCHMOCTH OT OTHOCHTeJibHOH 

<Pa3bl <3(1-P1-0-P). Tipo8e­

AeHHble AOKa3aTeJihCTBa CBHAe­

TeJihCTBYIOT B nOJih3Y 803MO)K­

HOf'O pe30HaHCHOf'O n08eAeHHSI 

BOJIHbl 1-P1 + (p:rc). 

PHC.l. HHTeHCHBHOCTb H OTHOCHTeJibHall 

4Ja3a OCHOBHOA BOJIIIbl a
2

( 1320)-pe30-

HaHca - z+ Dl + 



ilapaMeTphl 3TOfO COCTORHHR Ha~eHhl paBHhiMH: 

m
1
-+ = 0,19 ± 0,04) f3B/c2, 

f 1-+ = <230 ± 60) M3B. 

Cnuuosa R CTPYKTypa J pc = 1-+ 3Toro pe3ouauca ueso3MO)I(Ha B 

KBapK-aHT KBapKOBOH MOAeJIH 6030Ha. Hanu•me OTHOCHTe.JlbHOro op6H­

TaJlbHOfO MOMeHTa B qq-CHCTeMe npeAOTBpa~aeT 6biCTphiH pacnaA 3TOfO 

1-+(p(770), .n:) 

100-
~ 

"' ::E 

0 ...,. 
...... 
>:S: 
:s: ... 50-i u 

-JO 

-70-

- 1 so+-.-.-.-..-.-,...,-,.-.-.-.-,.-.-.-...-.-.-.-,--,-,-.-,.~ I 1 0 -h-..-.-;....,-_,r-r-r-n-TT"T"rr-r.~-.-.-...-.-..-. 
0.90 1.10 LJO 0.90 1.10 1.JO 

M:trr, raB/cl M:rr~, raB/c2 

PHC.2. lfHTeHCHBHOCTb H OTHOCHTMbHa!l 4laaa BOJIHbl t-+(p:n:) OTHOCHTMbHO BOJIH 

t•• "o-+ 
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COCTOSIHHSI H ~eJI3CT HCB03MQ.)I<HOH qq-aHHHrHJISIIJ.HIO. 3TO COCTOSIHHC SIB­

JISICTCSI Ka~~aTOM B rn6p~HOC COCTOSIHHC qqg C OTKphiTOH 3K30THKOH. 

Jl.aJIHTIJ.-DJIOT-3HaJIH3 ~HOHOHHhiX CDCKTpoB ~JISI OOJ13 CTH 3n-M3CC 

1,35 + 1,45 r38/ c
2 

D03BOJIHJI ycTaHOBHTb BKJia~ B ~HDHOHHhiH COCKTp 

COCTOSIHHSI 0+ HapSI~y C npeHMYIIJ.CCTBCHHhiM BKJI3~0M l - (p-MC30H). 

llpu 3TOM 3TO COCTOSIHHC OTCYTCTBYCT BHC YK333HHOH OOJ13CTH 3n-M3CC. 

Ha puc.3 noKa3aH ~HOHOHHhiH cneKTp, r~e B~CH BKJia~ COCTOSIHHSI o+ 
B OOJ13CTH - 1 r3B/c

2
• 3TO D03BOJIHJIO napaMeTpH30B3T h ~HOHOHHYIO 

aMnJIHTY~Y pe3oHaHcoM /
0

(975) u npooecTu BOJIHOBOH aHaJIH3 o o6JiaCTH 

Mace 3n-CHCTCMhl 1,3+1,5 r3B/c
2

• BKJia~ fo<975) B 3TOH OOJI3CTH Mace 

cocTaBJISieT OKOJIO 16%. Heo6xo~HMOCTh y'leTa 3TOH BOJIHhl TaK)f(C 6hJJia 

npooepeHa no yoemt'ICHHIO 3Ha4eHHSI IPYHKIJ.HH MaKCHMaJih HOro npao~o-

400 

300 

~ 

"' ::>J 
0 

~ 200 
>:S: 
:s: ... 
:;; 
'8 
u \ 

\ ' 

100 
\ / 
' ,\ 

I 

: \ ;\ I 

\ 
-, 

' '-. 
I 

' \ ' I , 

.. , ....... ~.~-~' ' '''''''''''! 0 ltlliliiiljiliiiliiiJIIIIIIIIIjlir(ittlljfiililllljjl'f 

0.5 0.6 0.7 0.8 0.9 1.0 1. 1 1.2 
f:JB/ c2 

PHc.3. ,llHnHOHHbiH cneKTp Am• o6JiaCTH Mace 3n-CHCTeMbl. 1,3+ 1,5 f:J8/c2 
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60-

;g40 
' >X 
X .... 
:;; 

8 70 

1.JO 1.:>0 1.70 
"'3:Jt, r3B/cl 

(l ++ P(/0(915), n)- 1 ++ S) 

190 

~ 
"' e 1so-

1.JO 1.!50 1.70 
"'Jnrtr , r 3B/c2 

PHc . 4 . 11HTCIICHBHOCTb It OTIIOCHTCJibii3H <j>a3a BOJlllbl I ++(/
0
(975), .11') OTIIOCHTCJlbltO 

nonut.• 1 ++s 

nOAOOHSl B 3aBHCHMOCTH OT OTHOCHTCJlbHOH $a3bl H KOrepCHTHOCTH K 

BOJIHaM 1 + s H o-P. 

Ha pHC.4 npCACTaBJICHa HHTCHCHBHOCTb BOJIHbl 1 ~P(/0(915) , ni H ee 

OTHOCHTeJibHaSl $a3a. BHAHO, 4TO $a3a 3TOH BOJIHbl noKa3b1BaeT 6biCTpoe 

H3MCHCHHC (100 + 110") no OTHOWCHHIO K 1 + S-BOJIHC. J.iHTCHCHBHOCTb 

3TOH BOJIHbl, ABH)KCHHC CC $a3bl, BbiCOKaSl KOrepCHTHOCTb H Cy W.CCTBCH­

HOC H3MCHCHHC 3Ha4CHHSl $yHK~HH npaBAOnOAOOHSI CBHACTCJibCTBYIOT 0 

pe3oHaHCHbiX csoitcrsax l + + (j
0

, n)-cocTOSIHHSI. 

CosMeCTHbiH $HT ee aMnJIHTYAbl H $a3bl I 10 I no3BOJIHJI · Ha HTH na­

paMeTpbl 3TOI"' COCTOSIHHSI: 

ll.aHHOC COCTOSIHHC MO)KHO paCCMaTpHBaTb B Ka4CCTBC KaHA HAaTa B 

ru6pHAHOC COCTOSIHHC KaK C-napTHep B P-BOJIHOBOM HOHCTC. 

8 3aKJII04CHHC XOTHM OTMCTHTb, 4TO AH$paK~HOHHOC po)KACHHC rH6-

PHAHbiX H paAHaJibHbiX pe3oHaHCHbiX COCTOSIHHH, o6yCJioBJICHHoe Kore­

peHTHOH HHTCp$CpCH~HCH BOJIH Ha BaJICHTHbiX KOHCTHTYCHTaX, SIBJISICTCSI 

HaHOOJICC nOAXOASIW.HM MCXaHH3MOM HX o6pa30BaHHSI. BOJICC TOro, BCC­

KOC AOKa3aTeJibCTBO po)KACHHSI rH6pHAHOI"' pC30HaHca MO)KCT 6 b1Tb noJiy-

4CHO B TOM CJiylfae, CCJIH OH po)I(AaCTCSI AH$paK~HOHHO. 
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COLLECTIVE EXCITATION OF ~-ISOBAR 
IN CHARGE EXCHANGE REACTIONS (7Li, 7Be) AND eH, 3He) 
AT A PROJ ECTILE MOMENTUM OF 3 GeV /c PER NUCLEON 

S.S.Avramenko, A.U.Abdurakhimov, V.D.Aksinenko, M.Kh.Anikina, 
B.P.Bannik, Yu.A.Belikov, V.A.Butenko, V.A.Drozdov, A.G.Galperin, 
N .S.Glagoleva, A.I.Golokhvastov, N .I. Kaminsky, S.A.Khorozov, 
E.V.Kozubsky, B.A.Kulakov, J.Lukstina O.Yu.Mandrik, P.K.Manyakov, 
A.T.Matyu hin , V.T.Matyushin,kS.V.M_!lkhin) N.M.Nikityuk, 
L.S.Okhrimenko, O.V.Okhrimen o, T .. Ostanevich, V.B.Radomanov, 
P.A.Rukoyatkin, I.S.Saitov, S.A.Sedykh, G.L.Vardenga, V.F.Zavyalov 
Joint Instit te for Nuclear Research, Dubna, Russia 

V.P.Kondratiev, L.V.Krasnov, I.V.Stepanov, I.E.Shevchenko 
St. Petersburg State University, St. Petersburg, Russia 

K.Gajewski , J.Mirkowski, Z.Pavlowski, A.Piatkowski 
R'"adiotechnical Institute, Warsaw University, Warsaw, Poland 

E.K.Khusainov, N.N.Nurgozhin 
HEPI Kaz.AS, Alma-Ata, Kazakhstan 

Yu.S.Pol, G.G.Taran 
Lebedev In titute of Physics, RAS, Moscow, Russia 

Charge exchange reactions were investigated in nuclear beams at 3 GeV /c 
per nucleon. The total cross sections of the reactions <3H, 3He) and (1Li, 7Be) 
were measured for H, C, AI, Cu and Pb target nuclei. For the firsttime the reaction 
(3H, 3H e) was investigated in 4vt-geometry. Our data give testimony to a signi­

ficant role of collective excitation of the delta isobar in nuclei. 
The investigation has been performed at the Laboratory of High Energies, 

JINR. 

KoJIJJ eKTHBHoe so36y)KJJ,eHue AeJibTa-u3o6a~hl 
B peaKU,HSIX nepe3apS1AKH eu. 7Be) H (3H, He) 
npu HMDYJibCe 3 f3B/c Ha HYKJIOH 

C.C.AspaMeHKO HAP· 

HCCJJeAOBaHbl peaKI..IHH nepeaap!IAKH (3H, 3He) H (1Li, 7Be) npH HMIIYJJbCe 
3 r::JB / c Ha HYKJIOH B SIJ{epHbiX ny'IKax CHHxpo<j>a30TpOHa OH.siH (,lzy6Ha). 
lloJIHble ce'leHHSI o6eHx peaKI..IHH HaMepeHbl AJJSI MHrneHeA H, C, AI, Cu H Pb. 
Bnep~ble peaKI..IHSI (3H, 3He) HCCJieAOBaHa B 4Jr-reOMeTpHH. lloJiy'leHbl AOKa­

aaTeJJbCTBa Cyll.\eCTBeHHOH pOJJH KOJIJieKTHBHOro BOa6y)I(JieHHSI AeJJbTa-H300a­
pb1 B 11Apax. 

Pa6oTa BbiiiOJIHeHa B Jla6opaTopHH BbiCOKHx ::JHeprnA OHSIH. 
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In several Dubna and Saclay experiments it has been shown that at 
sufficiently high kinetic energies of the projecti le (more than 
800 MeV I nucleon) the charge exchange (3He, 3H) cross sections are 
dominated by the processes of nuclear delta isobar excitations (I ,2 ]. It has 
been also observed that the width of the 11 peak increases by a factor of two 
if the target atomic number exceeds 10, but the position of a peak maximum 
is shifted down to lower Q by a 40 MeV value as compared with hydrogen 
target data <Q is the energy transferred to the target). 

Some attempts to calculate the process as the production of 11 isobar 
on quasi-free target nucleon failed: it was impossible to reproduce nei­
ther the width of the peak nor the position of the maximum. Then the 
idea of collective interactions of 11 in target nuclei was proposed ( 1 ,3 ]. 
An alternative me~hanism, the excitation of 11 in the projectile was sug­
gested by E.Oset (4 ]. Nevertheless, to solve the issue, all models and 
calculations needed more detailed additional data than the inclusive 
experiments ( 1,2 ]. 

The main goal of our experiment was to investigate characteristics of 
all charged particles produced in the charge exchange reactions. The 
experimen was performed using the facility of the streamer chamber 
spectrometer GIBS. A tritium beam was produced by the fragmentation 
of a 4He beam (3 GeV /c per nucleon) on a special-purpose target. The 
beam transport channel was tuned for 9 GeV /c fragments, and the 
really measured beam parameters were the following: a mean momentum 
of 9.10 ± 0.06 GeV /c and FWHM about 1 GeV /c. Special test showed 
that the admixture of background particles in the tritium beam was neg-
~~ . . 

The basic part of the spectrometer was a Ne-filled 2x1x0.6 m3 

streamer chamber in the magnetic field (5,6 ]. The investigated char~e 
exchange reactions were produced on a magnesium target (60x30 mm , 
1.56 g/ cm2) installed inside the chamber or on neon gas. The target 
was placed at a 60 em distance from the entrance window. Such a 
position of the target allowed one to register and to measure all charged 
particles. The streamer chamber was triggered by coincidence of signals 
from two blocks of scintillation counters. In the first one (upstream the 
chamber) a beam particle (3H with unit charge) had to be registered. 
The second block of counters (40><25 cm2

) was tuned to register a 
particle with char~e 2 (3~e) and located at a distance 5 m downstream 
the target where He nuclei had to be bent by analyzing magnet. The 
approach provided a good efficiency (90%> and background supf.ression. 

The total cross sections of the reactions (3H, 3He) and ( Li, 7Be) 
were measured in special experiments without the streamer chamber, 
but with the same idea of trigger: to measure the charge Z of the beam 
nucleus and to detect a charge value of Z + I of the nucleus after charge 
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N 
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2 

3 

4 

5 

2 

3 

4 

0 

2 

total number 1691 

Table I 

Number of events 
charge.exch . Mg(3 H, 3He) 

673 

56!! 

132 

24 

7 

0 

212 

52 

7 

5 

7 

2 

Mean transferred 
momentum (GeV /c) 

0.19 ± 0.06 

0.37 ± 0.06 

0.54 ± 0.07 

0.30 ± 0.07 

0.46 ± 0.09 

exchange reaction. In these experiments the number of count rs in the 
second block was increased, and a sophisticated «off-line» analysis was 
used. Therefore Z + I nuclei were separated quite well, and the syste­
matic errors did not exceed a few per cent. One should pay attention 
to that in all charge exchange reactions we had registered the nuclei 
were conserved. More details of all the experiments see in (7, 8, 9). 
Further on we present only the results . 

Table I presents data on the topology of events, i.e., th number 
<N _) of negative and positive (N +) particles produced in the reactions 

of 3H charge exchange in the magnesium target. The mean values of 
momentum transferred to the target are presented for more popular 
topologies. 

We could not identify n+ mesons among protons, but regarding a 

very strong suppression of n + production in the (3H, 3He) charge 
exchange one could consider that all positive particles produced in the 

reactions were protons and all negative particles were n-. 
If a single quasi-free target nucleon is involved in the reaction <3H, 

3Hc), one can expect to observe only three topologies: (Op, On-), 

(Op, In-) and (lp, In-) 14). Really there were about 20% of events 
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with an unexpeded configuration of charged particles. The events with 
a single proton are of great interest. A 80 MeV mean proton energy 
and the spectrum testify that the protons are not produced by an evapo­
rating source. Such a charge exchange reaction accompanied by a single 
proton was predicted in papers I I 0, II 1. The source of these protons 
can be the nonmesic discharge of the delta isobar in the target nucleus 

(/1 °p --. np). On the other hand, the non mesic discharge must produce 

the topology (Op,On -) through the reactions (11-p-+ nn) and 

(/1 °n -+ nn). This topology can be enriched with quasi-elastic charge ex­

change and with 11° excitation of the quasi-free target nucleon with sub­

sequent decay 11°-+ nn°. We have estimated ratios of these two channels 
in order to extract them and to find out the number of neutral nonmesic 
discharge events. 

The fraction of the quasi-elastic channel can be estimated using the 
data from (I I with two suggestions: 

a) the fraction of quasi-elastic charge exchange is the same in the 
reactions C<3He, 3H) and Mg(3H, 3He); 

b) the fraction of quasi-elastic charge exchange at all angles is 
proportional to that at o· for 7-11 GeV /c momentum of 3He. 

The number of events with a neutral pion can be estimated from the 

isotopic equation for n- and n° channels if one assumes the excitation 
of delta on quasi-free nucleon of the target neglecting the interference 

of diagrams (4 1. In the experiment we observed 673 events (Op, On-) 
which was 250 larger than the estimated total number of events with 

n° and quasi-elastic charge exchange. There exists a high probability 

that these 250 events are due to the (/1 °n-+ nn) and (/1-p-+ nn) reactions. 
We have observed very strong correlations between the topology of 

the reaction and the mean value of transferred energy. The correlation 
is clearly illustrated in Fig.la. 

A 70 MeV difference of the mean values of transferred momentum 

of two topologies (lp, On-) and (Op, In-) was observed in our 
expeiiment (see Table I). It should be noted that this value is close to 
the calculated one ( 10, 11 1. So, the process like (~!iN-+ NN) can be at 
least one of the reasons that causes a shift and widening of the 11 peak 
in the previous experiments I 1, 2 I (see Fig.l b). 

The observed correlation between the mean values of transferred mo­
mentum and the number and type of produced particles testifies against 
any suggestion of cascade-like particle production. Indeed, one can ex­
pect a very slow monotonous (proportional to transferred momentum) 
increase of the multiplicity of particles produced by recoil · nucleon in 
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Fig. I . a) Correlation between mean transferred energy Q and topology of charge exchange 
events (3H, 3He) . Notation : «0• - topology (Op, (be), «Jt• - topology (Op, !Jc), etc. 
b) The spectra of transferred energy Q for the reactions C(lHe, lH) and p(l He, lH) 
at p

3 
= 6.8 GeV /c - data from (I). The contribution of quasi-elastic events is excluded 

He 
from the (Op, OJt-) data 

the target contrary to the common (one-step) process of charge exchange 
and particle production. 

The total cross sections for the reactions <3H, 3He) and ( 7Li, 7Be) are 
concentrated in Table 2. Let us analyse the A-dependence of t e cross 
sections. The total cross sections are described quite well (see Fig.2a) 

by the formula a. -(A 113+ A
1
113 - b)2 <A , A

1 
are the atomic mass num-m P P 
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TaJie 2 

Target a (mb) a (mb) 
<e , .. 

H 

c 
AI 

Cu· 

Pb 

18 

(
7Li, 7Be) 

0 .18 ± 0.05 

0.29 ± 0.03 

0 .42 ± 0.04 

0.53 ± 0.05 

0.84 ± 0.08 

eH, 3He) 

0.71 ± 0.06 

1.96±0.15 

2.55 ± 0.20 

3.42 ± 0.27 

4.88 ± 0.39 

Fig.2. a) A-dependence of the inelastic cross 
section - compilation from the data 
(12-14(. b) A-dependence of the nuclear 
fragmentation cross section (13(. c) A-de­
pendence of the charge exchange (1LI, 78e) 
cross section. Each cross section is normalized 
to the corresponsing cross section for the t2C 
target nucleus 
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bers of projectile and target nuclei; b, the parameter of overlapping). If 
one uses this geometrical model for peripheral interactions, then the 

A-dependence must be a -(A 113 + A1
113 - b)2 with the same value 

per p 

of b. Figure 2b shows that this formula is good enough for typical peri­
pheral reactions - nuclear fragmentation. In all our charge exchange 
experiments the nucleus had to be conserved to trigger the detector. It 
means that the transferred momuntum was limited or the impact para­
meter exceeded a certain minimum value. In other words, the charge 
exchange reactions in our experiments are peripheral interactions. A sig­
nificant role of projectile form-factor in the reaction (3He, 3H) was also 
noted in [ 1 ). Therefore one can expect the same A-dependence of the 
total cross sections in the reactions of fragmentation and cha rge ex­
change <

7Li, 7Be). As is seen from Fig.2c, they are quite different. We 

had to introduce the term At213 to fit the data for (7Li, 7Be) as well 

as for the reaction (3H, 3He) . Recently such a two-component A-depen­

dence was predicted in [ 10 ). The additional term A
1
2/ 3 was introduced 

to describe nonmesic discharge of ~-isobar. 
In conclusion we can say all our data give testimony to that the role 

of collective excitation of ~-isobar is significant, i.e., at least several 
nucleons of the target nucleus are involved in a charge exchange reaction. 

We are thankful to F.A.Gareev, Yu.L.Ratis, S.M.Eliseev, V.I.Inozem­
tsev and E.A.Strokovsky for useful discussions and fruitful remarks. 
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KAON AND PION PRODUCTION CROSS SECTIONS 
IN p + C, d + C AND C + C COLLISIONS 
AS A FUNCTION OF PROJECTILE ENERGY 
FROM 2.5 TO 8.1 GeV /NUCLEON . 

A.A.Baldin*, Yu.K.Gavrilov•, F.F.Guber•, A.B.Kurepin*, 
A.Yu.Nikitskiy*, S.V.Nikitskaya•, V.S.Pantuev•, V.I.Razin*, 
A.I.Reshetin•, S.N .Filippov• 

New experimental data were obtained for pion and kaon production by proton, 
deuteron and carbon ions on carbon target at different incident energies from 2.5 
to 8.1 GeV. The laboratory production angle was 24'; and momentum, 
0.8 GeV/c. 

The investigation has been performed at the Laboratory of High Energies, 
. JINR. 

Ce'lenuSI poQenuSI Kaouos u nuouos 
B p + C, d + C H C + C CTOJIKHOBeHHSIX 
KaK <J>ynKU,HSI 3HepntH HaJieTaiOUUIX 'laCTHU, 
B AHana30He 3HepntH 2,5-8,1 f3B/uyKJIOH 

A.A.OaJIAHH HAP· 

noJiy'leHbl HOBble 3KCnepHMeHT8JibHble AaHHble no po>KAeHHIO nHOHOB H 
KaOHOB B p + C, d + C H C + C peaKU.H!IX npH p83JIH'IHbiX 3HeprnHX HaJieTa­

. IOW.HX 'laCTHU. •B AHana30He 2,5-8,1 r3B/HyKJIOH. H3MepeHHII BTOpH'IHbiX 
'18CTHU. npoBOAHJIHCb C HMnyJibCOM 0.8 f'38/c nOA yrJIOM 24'. 

Pa6oTa BbmOJIHeHa B Jla6opaTopHH BbJCOKHx 3Heprni1 OKSIH. 

1. Introduction 

An experimental study of pion, kaon and antiproton production by 
relativistic heavy ions on nuclei provides the unique possibility for the 
investiga tion of nuclear matter and interaction mechanisms because the 
phenomenon is so complicated that no theory has yet been successful 
in interpreting all the experimental data. Particle production in nucleus­
nucleus collisions at values of kinetic energy per nucleon lower and near 
the threshold in nucleon-nucleon collision provides an interesting probe 
of possible collective phenomena. Much efforts have been made to find 

*Institu te for Nuclear Research, Russian Academy of Sciences, Moscow 
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a signal of quark-gluon plasma phase in heavy ion reactions via kin 
ratios. To clarify the reactions mechanism it is interesting to understand 
the systema tics of the underlying processes with a variety of projectiles 
and at different beam energies. 

In our previous publications I I ,2,31 we have presented the spectra 
of kaons a nd the first observation of antiprotons in the reaction · 
12C +A a t 3.65 GeV /nucleon for laboratory production angle 24". 
Recently subthreshold kaon and antiproton production in 28Si + 28Si 
collisions a t 2.1 and 1.65 GeV/nucleon [4,51 and at highly relativistic 
momentum 14.6 GeV /nucleon [6,7] have been reported. However, it is 
interesting to compare data for A + A and p +A collisions at different 
projectile energies. 

Now we report on a recent experiment in which we measured kaon 

and pion production in the reactions p + 12C, d + 12C and 12c + 12c 
in the simi lar kinematics as a function of projectile energy. 

2. Experimental Method 

The me surements were carried out on the magnetic channel of 
«KASPIY>> of INR (Moscow), installed on the extracted beam of the 
relativistic nuclei of the Laboratory of High Energies, JINR <Dubna) . 
Magnetic channel <<KASPIY» consists of two dipole and four quadrupole 
magnets with acceptance 9.8 msr · %. For particle identification time-of­
flight (TOF) system included scintillation counters was used. The 
suppression of pion background was performed by two plexiglas 
Cherenkov counters. In addition the amplitude information from TOF 
scintillators was analyzed. We reconstructed all tracks passed through 
the system by a set of proportional chambers for phase space analysis. 

The incident ions intensities were about 5 · 108 particles for carbon beam, 
109 particles for proton and deuteron beams per spill. The Laboratory 
momentum was 0.8 GeV /c. The target thickness . was 8 g/cm. Figure I 
shows the quality of the data for positive secondaries produced in the 

reaction d + 12C at 2.5 GeV /nucleon. At the top, the TOF spectrum for 
positive particles vetoed by Cherenkov counters is shown. At the bottom, 
this TOF spectrum with amplitude from one of counters is presented. 
The experimental data were corrected for meson decay, multiple 
scattering, adsorption in the target and counters. The data were 
normalized to previously measured pion cross section [I ,8, 9[. The 
absolute accuracy of cross sections normalization is about 20%. The 
experimental data of the ratios of invariant cross sections are presented 
in Table I. Table 2 includes meson invariant cross sections. 
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Table I 

I k- k+ 
Ekin Reaot -- 7 -
QeV/D .,; -
-- -- -

P+C (3.0:t0. 7 )•10-4 (2.6!0.2)•10-2 o.:: 
2.5 D+C (5.7:t0.6)•10-4 (3.1:t0.1 )•10-2 O.E 

C+C 
_.,,,~ -2 

(1.2±0.3)•10 wl \Vo4±0.2)•10 1.( 
-- --

C1.6:t0.14)10 3 lc4.1±0.1)•1o-z 3.0 D+C O.f 

C+C (2.6±0.2)•10-3 (5.0±0.4)•10-2 1.( 

-- --
(2.6±0.4)•10-3 (4.5±0.2)•10 2 P+C O.t 

3.65 D+C (3.6±0.5)•10-3 (5.0±0.2)•10-2 0.' 

C+C (4.5:t0.4)'10-3 (5.9±0.3)•10-2 1.1 
-- --

(6.011.0)•10-2 4.5 P+C {4.310.5)•10-w 0.' 
-- -- -
6.0 P+C (7 .910.2)•10-3 (0.9t0.1)•10 1 0. 
-- --

(1.0±0.2)•10-2 (1.110.2)•10-1 -
8.1 P+C 1. 

-- -- -

The ratio of Invariant cross sections. 

i Ektn React I 
IGeV/D 
~-- P+C 

2.5 D+C 

C+C 
-- --
3.0 D+C 

C+C 
-- --

P+C 

3.65 D+C 

C+C 
-

4.5 P.+C -- --
6.0 P+O -- --
8.1 P+C 

'It-

12 1 5 

90 

350 

90 

350 

24 t 4 

100 t 10 

350 t 20 

"32 t 5 

46 t 5 

66 t 5 

Table 2 

,;~ 

34 :t 14 

100 

350 

HlO 

350 

35 t 7 

100 t 10 

350 1 20 

43 t 8 

51 t 10 

66 t 7 

I 

I 
(4.1 :t 1 

(4.1±1 

(4.6t " 

(1.2t! 

1.• 

(7 .1ti 

(3.1tl 

1 .I 

(1.5tl 

(4.1 11 

(7.6t 

E d1o 
The Invariant cross section p'l · dPdD (mb/sr ( 



Table 1 

I I . k.- k.+ -

I 
'It: 

Ekin Reaot -- 7 7 GeV/D 'It 
-

-- --
P+C (3.0:t0. 7)•10-· (2.6:t0.2)•10 2 0.35±0.02 

2.5 DtC (5.7±0.6)•10-4 (3.110.1)•10-2 0.86±0.6 

C+C 2 0 3 -~1 ~ -2 (1. ± • )•10 wl(w.4±0.2)•10 1 .00±0.03 

13.0 --
(1.6±0.14)10-wl (4.1±0.1 )•10-Z DtC 0.86±0.06 

1-· 
0+0 (2.6±0.2)•10-3 (5.0:t0.4)•10-2 1.00±0.04 

P+O (2.6:t0.4)•1d-3 (4.5±0.2)•10 2 0.68±0.05 

3.65 DtO (3.6±0.5)•10-3 (5.0±0.2)•10-2 0.93±0.06 

0+0 (4.5±0.4),10-3 (5.9±0.3)•10-2 1.00±0.04 
-- --

(4.3±0.5)•10-~ (6.0±1.0)•10 2 4.5 P+O 0.74±0.05 
-- --

6.0 P+C (7 .9±0.2)•10-3 (0.9±0.1 )•10 1 0.90±0!'6 
-- --
8.1 P+O (1.0±0.2)•10 2 (1.110.2)•10-1 1.00±0.6 
-- --

The raUo of Invariant cross sections. 

i Eltin React I 
IGeV/D 
~-- P+C 

2.5 DtC 

C+C 

'"3.Q DtC 

C+C 

P+C 

3.65 DtO 

C+O 

4.5 P.+C 

6.0 P+O 

8.1 P+O 

12 t 5 

90 

350 

90 

350 

24 t 4 

100 :1: 10 

350 :1: 20 

.32 :1: 5 

46 t 5 

66 t 5 

Table 2 

34 1 14 (4.1±1.7)•10 3 

100 (4.1±1.4)•10-2 

350 (4.6±1.0)•10_, 

100 (1.2±0.2)•10-1 

350 1.4±0.4 

35 :1: 7 c1 .1:1:2.2 >•1 o-2 

100 :1: 10 (3.1 t0.6)•10_, 

350 t 20 1.8t0.3 

43 :1: 8 (1.5±0.3)•10 , 

51 1 10 (4.1:1:0.8)•10- 1 

66 :t 7 (7.6:1:0.7)•10_, 

k-

I 7 
(4.2±0.9 )•10 3 

(2.0±0.2 )•10-2 

(3.3±0.8 )•10-2 

(3.4±0.3 )•10 21 
(5.2±0.5 )•10-2 

(3.8±0.6 )•10-2 

(6.6±0.5 )•10-2 

(7 .6±0.3 )•10-2 

(5.3±0.5 )•10 2 

(7.9±0.4 )•10 2 

(0.9110.3 )10 1 

I 

1.0±0.3 

2.4:t0.6 

13.8±2.0 

3.5:t0.6 

16.0:t3.0 

1.6:t0.3 

4.3:t1 .3 

24.0±3 .0 

2.2±0 .5 

5.2:t1 .5 

8.4t1 .3 
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3. An alysis of Data 

Data from Table 1 and data from [4,5] are shown in Figs.2 and 3 
as a function of a projectile kinetic energy per nucleon. Assuming the 
dominant role of single pion production at low energy and taking into 

0.1 

0.01 

0 .01 

0 .001 

k"'" 

'll:+ 

i 
1.00 2.00 

k-
1(-

? 

3.00 

--· .,--<'* 
,/ .~" 

: / 

t/ 
I 

I 
I 

{. 

Eki.n GeV/n 

4.00 5.00 6 .00 7.00 8.00 9.00 

0. 00 0 1 j,,, I I I Il l ,,, I II Ill,,, I Ill II I,,,,, I II I II,,, Ill Ill I,,,,, II,,,,, Iii II~~.~~~(~ I 
1.00 2.00 3.00 4 .00 5.00 6.00 7. 00 8 .00 9 .00 

Fig.2. The ratio of invariant cross sections k+ /:Jr.+ (top) and k- /;r.- (bottom) as a function 
of projectile kinetic energy per nucleon. This experiment: xx - p + C - 24· , 0.8 GeV /n ; 
til!- d + C - 24•, 0.8 GeV/n; •• - C + C -24•, 0.8 GeV/n. From ref. [4] : 0 0 -
Si + Si - o·, 0.93 GeV/n 
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account isotopic relations for p +A collisions one can expect the ratio 

n- In+ = 0.4. This value is in agreement with our data at E = 2.5 GeV. 

In the past few years much work has been done for studying 
asymptotic properties of hadron-hadron collisions (see, for e ample, 

II 0 )) . It is interesting to see asymptotic behavior of the n - In+ , 

K- I K+, K-In - and K+ In+ ratios of the invariant cross section 

beginning from about 5 GeV /nucleon. According to the Brookhaven data 

[6,7 I for central Si + Au collision at 14.6 Gev/c/nucleon the K- /n­

and K+ In+ ratios are 0.018 and 0.2; and for P +Be, 0.075 an 0.016, 

respectively. To extract the ratios from [7 I for P +Be at 14.6 GeV /c 
we took meson cross-sections at the same kinematic condition as in 
our experiment. 

---•--· · -----t:.·: -"*"- "'*- ---
~~ 

Fig.3. The ratio or invariant cross sections Jr- /Jr+ (top) and k- I k+ (bottom) as a Function 
or projectile kinetic energy per nucleon. This experiment: xx - p + C -+ k, Jt, 24', 
0.8 GeV/n; 66- d+C -+k,Jt, 24', 0.8 GeV/n; ••- C+C -+k,Jt, 24', 0.8 GeV/n. 
From reL[4] : 0 0- Si+Si -+k .. 0' , 0.93 GeV/n. 
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Our experimental data had covered the range between Berkeley and 
Brookhaven energies and we hope that it will be interesting to compare 
the different theoretical models. 

In order to take into account the dependence of production cross 
sections on the atomic numbers of projectile and target nuclei an 
extended analysis of our data will be performed on the basis of the 
parton model with mass corrections [ 11 ). 
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B03M0)1(EH JIM EJJ.HHbiH nOJJ.XOJJ. 
K nOJJ.nOPOfOBbiM 11 KYMY JI.siTHBHbiM nPOIJ,ECCAM 
B PEJIRTHBHCTCKHX .siJJ.EPHbiX CTOJIKHOBEHH.siX? . 

A.A.EaJTAHH* 

npe).l.llaraeTC!I e):IHIIbiH nO):IXO,ll K OIIHCaHHIO 110):1110pOroBbiX, KYMYJI!ITHBHbiX 
H ):IBa>K):Ibl KYMYJIIITHDIIblX npoU.eCCOB Ha OCHOBe rHIIOTe3bl 00 aBTOMO,lleJibHOCTH 
peJIIITHBHCTCKHX IIJiepHbiX CTOJIKIIODeHHH. Pac'leTbl, npooe):leHIIble 8 pa KaX 
npeJI.IIO>KeiiiiOH MOJICJIH, CpaBIIHBaiOTCII C pa3HoOOpa3HbiMH 3KCnepHMeHTUJib­
HbiMH AaHHbtMH. 

Pa6ora uhmonneua u J.1ucrHryre ll,llepHbiX wccneAOBaHHH PAH, MocKs 

Is the Universal Approach 

to the Subthreshold and Cumulative Processes 

in Relativistic Nuclear Collisions Possible? 

A.A. Bald in 

The universal approach to the description of subthreshold, cumulative and 
twice-cumulative processes based on the self-similarity hypothesis is presented 
and applied to the various reactions. Large experimental material including 
nucleus- nucleus and proton- nucleus interactions is analyzed. 

The investigation has been performed at the Institute for Nuclear Research, 
Russian Academy of Sciences, Moscow 

B HaCTOSill.l,ee speMSI 6hlcTpo yscJTH'IHBaCTCSI o61.eM 3KCnepHMeHTaJibHbiX 

AaHHbiX s o6JTaCTH peJISITHBHCTCKHX SIAepHbiX CTOJTKHOBeHHH. Pacu mpSieTcst 

AHana30H 3HeprHH H MaCC yCKOpsteMbiX S{Aep. nJTaHHpyeTCSI yCKOp eHHe Ta­

KHX TSI)KeJTbiX S{Aep, KaK CBHHCU, HAp., BDJIOTb AO 3Hepmif UOpS{AKa T38 Ha 

HYKJIOH, D03TOMY BeCbMa aKTyaJieH BODpoc 0 TOM, 'lero MO)KHO 0)KHAaTb 

HOB0£'0 H 'ITO MO)KHO npeACKa3aTb HCXOASI H3 Cyll.J,eCTBYIOll.J,HX npeACTaBJTeHHH 

H HaKODJTeHH0£'0 3KCnepHMCHTaJibHOro MaTepHaJia. 

Y)Ke s nepsblx pa6oTax no peJISITHBHCTCKOH stAepHoif <I>H3HKe II I DOA-

4epKHBaJiacb Ba)KHOCTb H3y'leHHSI MaCWTa6HOH HHBapHaHTHOCTH (aBTO­

MOAeJTbHOCTH) S{AepHbiX CTOJIKHOBeHHH, KOTOpaSI HHTepnpeTHpoBaJiaCh 

KaK CBOHCTBO JIOKaJibHOCTH aApoHHbiX B3aHMOAeHCTBHH, D03BOJISIIOll.l,ee 

*J.1HCTHTYT IIAepHbiX HCCJieJIOBamtH POCCHHCKO.i aKaAeMHH HayK, MOCKDa 
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pa3pa6aT hiBaTb YHHBCpcaJibHhiC DOAXOAhl K ODHCaHHIO pa3Hoo6pa3HhiX 

peaKU.HH. 

l.J.eJibiO HaCTOSUU,CH CTaTbH SI8JISICTCSI pa38HTHC HACH, H3JIO)l(CHHhiX 8 

paOOTaX (I ,2,3) Ha OCH08C DOCJICA08aTCJibHOf'O npHMCHCHHSI MCTOAOB TC­

OpHH DOAOOHSI K DOADOpof'08hiM, KYMYJISITH8HhiM " A8a)l(Ahl ' KYMYJISITH8-

HbiM SI8JICHHSIM. 

0 c H08Hhle npuuu.unbl nocTpoeHHSI 

a8 T OMOACJibHOrO pClliCHHSI 

OnpeAeJJSICM peJJSITH8HCTCKH-HH8apuaHTHble 6e3pa3Mepuhle napaMeT­

pbl 3aAa'IH. 0ocKOJibKY pCllb DOHACT o6 ODHCaHHH SJApo-SJACpHbiX CTOJI­

KHOBCHHH , TO CCTCCTBCHHO Bb16paTb 8 Ka'ICCT8C 803MO)l(HbiX napaMCTpo8 

aTOMHhiC HOMCpa CTaJIKHBa!Olli,HXCSI SJACp. MO)l(HO 83SITb MaCChi CTaJIKH­

BaiOLli,HXCSI llaCTHU., HO TOrAa 3TO 6yAyT pa3MCpHb1C 8CJIH'IHHbl. 06e3pa3-

MCpHB Ma CChi nyTCM AeJJCHHSJ Ha Macey HYKJIOHa HJIH aTOMHYIO CAHHHU.Y, 

Mbl DOJIY'IHM 8eJIH'IHHbl, 6JJH3KHC K A. 
B OCH0 8HOM, 3KCnepHMCHTaJibHO H3MCPSJIOTCSJ HMnynbCHhle H yrJJOBhiC 

pacnpCAeJICHHSI llaCTHU. C HX HACHTH<l>HKaU.HCH no MaccaM. J13 HMDYJJb­

COB, MaCe H yrJJ08 MO)l(HO DOCTpoHTb MHO)l(CCTBO pa3JIH'IHbiX nepCMCH­

HbiX, OAHaKo CCJIH noTpe6o8aTb 6e3pa3MCpHOCTH u peJJSITH8HCTCKOH 

HHBapHaHTHOCTH, TO B OCH08C OCTaBWHXCSJ napaMCTpo8, HJIH HX KOM6H­

HaU.HH, 6 y AyT JIOpCHU.-<t>aKTOpbl OTHOCHTeJJbHOf'O A8H)l(CHHSJ llaCTHU.: 

- P/i 
Y;j- MM . ' 

I J 

rAe p p . - 4-HMDYJibCbl llaCTHU., a MM . - HX MaCChi . no HACC CTa-
1 J I J 

8HHCKOf'O (2) XOpolliHM napaMCTpoM SIBJISICTCSI MHHHMaJibH3SI 3HCprHSJ 

CTaJIKHBa!Olli,HXCSI KOHCTHTYCHT08, HCOOXOAHMaSI AJISJ po)l(ACHHSI HHKJII0-

3HBHOH lla CTHU.bl: 

Smin = (X/Jt + X2P2)
2
· 

(l) 

CBSt3b M C)l(Ay nepeMCHHbiMH X 
1 

u X 
2 

HaXOAHM H3 JaKOHOB coxpaue­

HHSI C YllCTOM rHDOTC3bl MHHHMaJibHOH MaCChi. 3aKOHbl COXpaHCHHSI 3HCp­

rHH-HMDYJibCa AJISI ABYX CTaJIKHBaiOLIJ.HXCSI HYKJJOH08 c AOJISIMH HMnynbCa 

X 1 H X 2 J aDHlliCM B CJICAYIOLIJ.CM 8UAC: 

(XIPI + X2P2- P3)2 = (P't + P'2 + p4 + Ps + ... l (2) 

OpaBaSI lla CTb ypaBHCHHSI pacnaAaCTCSI Ha ABC CYMMbl: 

2 ...... 
~ M. + 2 ~ (EE. - IP.I IP .I cos a). 
£..I £.. IJ I J 
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J.13 3KCnepHMCHTa H3BCCTHO (4), lfTO npH MHO)KCCTBCHHOM po~CHHH 

lfaCTHU, pacnpc.QCJICHHSI nO OTHOCHTeJJbHbiM 4-CKOpocTSIM po~CHHbiX lfa­

CTHU, (HJJH no napaMCTpy Bile = 2(yi/c - l )) MOTOHHO, 6biCTpo H C,QHHO-

o6pa3HO cna.QaJOT. Tor.Qa npeAnOJJO)KCHHe, lfTO see KOM6HHau,HH P P. AJJSJ 
I J 

BCCX lfaCTHU,, KpoMC 3KCnepHMCHTaJJbHO H3MCpSICMbiX, npeHe6 pC)KHMO 

MaJJbl, 6yACM C4HTaTb o6ocHooaHHbiM. CorJJacHo (2) CBSJJb Me~y X
1 

H 

X 2 YAOOHO JanHcaTb B BHAe 

(3) 

Macca M 
4 

o6ecne4HBacT co6JJIOACHHC JaKoHa coxpaHeHHSJ K BaHTOBblx 

4HCCJJ, a TaK)Ke AaeT BOJMO)KHOCTb Y4CCTb BKJiaA u BbllfHCJISJeMoe ceqe­

HHC AOnOJJHHTeJJhHbiX KaHaJIOB C po~CHHCM KaKHX-JJHOO 4aCTHU, HJIH 

COCTOSIHHH. nepeMCHHbiC X I H X 2 H3MCHSIIOTCSI 8 HHTepBaJJaX I 0, A I I H 

(0, A2 ) COOTBCTCTBCHHO. 

0ocKOJibKY BCJIH\fHHa S . , BbllfHCJISICMaSI KaK MHHHMYM <tJyHK U,HH ( l) mm 
npn yCJioBHH (3), HMeeT paJMepHOCTb, TO JJOrH4HO ee o6eJpa3MCpHTb, 

no.QeJJnB Ha ABC Macchi uyKJJoua: 

(4) 

TaKHM o6paJoM, y uac ecTb Ha6op pcJJSJTHBHCTCKH-nuuapHaHTHbiX n 

6e3pa3MCPHbiX KaHAH.QaTOB Ha napaMCTpbl nOAOOHSI: AI, A2' X I, x2' n, 

yij . 0oTpe6yeM , 4T00bl HCKOMOC pCWCHHC 6biJJO CHMMCTpH4HO OTHOCH­

TeJJbHO A
1 

H A2, H 6yACM cro HCKaTb 8 BHAC 

(5) 

C I - KOHCTaHTa, ,Q3101UaSJ pa3MCpHOCTb AH<t><l>CpCHU,HaJJbHOro HHBapn­

aHTHOro celfCHHR: a
1

, a 2 n f - <PYHKU,HH, onpeAeJJSICMbiC HJ 3 KCnepn­

MCHTa. 

ToT <t>aKT, lfTO peweune nmeTCSJ 6eJ noJIHOH <t>aKTOPHJau,HH no na­

paMeTpaM, T.e. OCTaCTCSI JaBHCHMOCTb OT X, CCTb CJICACTBHC JaKOHOB CO­

xpaHCHHSI, JanHCaHHbiX B BHAC <PoPMYJJbl (3). KpoMe Toro, u OTJJHlfHe 

OT CBKJJHAOB3 npocTpaHCTBa, npocTpaHCTBO Jlo6a4CBCKOro, 8 KOTOpoM Mbl 

pa6oTacM, o6JJaAaCT PSIAOM oco6eHHOCTCH. HanpnMep, npH cTpeMJJCHHH 
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y12 K 6eCKOHC4HXTH OTHOWCHHC y1/y12 CTpCMHTCSI He K CAHHHU.C, KaK 

3TO 6biJIO 6hl B CBKJIHAOBOM npocTpaHCTBC, a K nepcMeHHOH CBCTOBOfO 
-+ 

<f>poHTa (£ 3- I P31 cos a)/ M3. no3TOMY npH CKOJib yroAHO 6oJibWHX 

3HeprHSIX CTOJIKHOBCHHSI 33BHCHMOCTb OT yrJia BbiJICTa H3MCpSICMOH 43-

CTHIJ.bl 0CT3CTCSI . 

TaKHM o6pa30M, npeAnonaracTCSI o6uapy)KHTb nOAOOHC (HJIH aBTOMO­

AeJibHOCTb ) no napaMeTpy n B AYXC aBTOMOAeJibHOCTH BTOporo poAa 15 I 
H3-3a JaBA CHMOCTH oT A 

1 
H A2. 

DpH MeHeHHe MOACJIH K 3KcnepHMCHTaJibHhiM AaHHhiM 

CHa4aJia H3Y'IHM 33BHCHMOCTb OT napaMeTpa n. Ha pHc.l noKa3aHa 

33BHCHMOCTb HHB3pH3HTHbiX AH<t><l>epCHU.HaJibHbiX CC\ICHHH, ACJICHHbiX H3 

10 -

I a 
~ 

p, 

10 -·J " u Elb (') 
I " u 10 - J * N 
1:1:1 

"' H 
10 -· i * 0 

:E 
~ 

** N 

10 -•j oo 
~ * c;. 
1' 10 - e 

*0 < . 
0 

~ 
10 -7 

tf_ 
10 -·i * 

< X X . * Po 
ltl 

(') 10 -· '0 

' 
'10 _J X 

0 
(') 0 
'0 

pq 

1 0 _, , ' 
1 .'8 2 .·3 2 .8 3.3 3.8 1.3 TI 

PHC(J· J?~~CHMOCTb HHB3pH3HTHblX AHQxj>epeHU.H3JibHbiX Ce'leHHH 1 AeJJeHHbiX Ha 
Aa1 1)Aa2 2 • rAe a,(X,) = 2/3 + x,/3 H a2(X2) = 2/3 + X2/3,oT napaMerpa n AJIII CJJe-

AYIOW.HX peaKu.Hil: • Si + Si .... K- 2,0 r:JB/HyKJJoH, o· [9); x Si + Si .... p 2,0 r:JB/HyK­
JioH, o· 191; ~ Si + Si .... K- 1,4 r:JB/HyKJIOH, o· [81 o c + c .... p 3,65 r:JB/uyKJioH, 

24" 1111; o d + c .... p 3,65 r:JB/HyKJJoH, 24" 1111; E9 c + c .... K- 2,5-3,65 r:JB/HyKJioH, 
24" 1 121; 6. d + c .... K- 2,5-3,65 r:JB/HyKJIOH, 24" 1121; • p + c .... K- 9,2 r:JB/uyKJIOH, 

119"(6); 0 p + C .... JC 9,2 r:JB/HyKJIOH, 119"(7) 
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Aa1(X1) Aa2(X2), rAe a
1 
(X

1
) = 2/3 + X

1 
/3 H a

2
(X

2
) = 2/3 + Xzl3 B 

33BHCHMOCTH OT napaMeTpa 0. 

CneAySI o6oaHa'!eHHSIM [5 ], aasucnMOCTb (5) MO.)KHO npeACTaBHTh B 

6eapa3MepHOM BHAe: n• =I (0), T.e. aaBHCHMOCTb OT Tpex nepeMeHHhlX 

CBOAHTCSI K 3aBHCHMOCTH OT OAHOH. 

113 paCCM3TpHBaeMOro MHO.)KeCTBa A3HHhlX, HC00Jib3YSI AJISI cPYHKU,HH 

npocTeHUJYI:O 3KCllOHeHU,HaJibHYJ:O 3aBHCHMOCTb OT 0, llOJiyqaeM SIBHhlH 

BHA cPoPMYJibl (5): 

d 3a (6) 
£-3- = c, A~/3+XJ3 A~/3+X/3 exp (-ll/C2), 

d p 

rAe c I = 2200 I M6apH. r3B
2 

c-3 
cp -I ), c2 = 0,127. 

Ta6JIHI-la 

Jiao. JlaO. E d2o E d2o a = -·-- a = -·--
PeaKUHl! EKHH. l!MII. yroJI SKC p2 dp•dfl pac p2 dp•dfl CcuJIKa 

raB/H rsB/c BUJI6T 
MO/cp rsB2/c3 MO/cp rsB2/c3 

-- --
d+C ->p 3.65 0.8 24° (1.5±0.6)•10 4 9.3 . 10-5 11 

C+C ->p 3.65 0.8 24° (1.2±0.3)·10-3 7.4 . 10-4 11 

C+CU->p 3.65 0.8 24° (6.2±2.0)·10-3 6.05 • 10-3 11 

51+51->p 2.0 1.0 00 (8. 71 ±2.9)·10-5 1.98 • 10-4 9 

51+51->p 2.0 1.5 00 (1 .03±0.25)·10-4 1.2 . 10-4 9 

51+51->p 2.0 1.9 00 (4.9±1.0)·10-5 5.(]7 . 10-5 9 

51+51->p 1.65 1.5 oo (1 .41 ±0.38)·10-5 9.1 . 10-6 9 

-- -- --
d+C->k- 2.5 0.8 24° (4.1±2.0)·10-2 5.7 • 10-2 12 

C+C->k- 2.5 0.8 24° (4.6±1.0)•10-1 4.4 . 10-1 12 

51+51->k- 1.0 1.0 00 (1.2±1.5)·10-3 1.1 • 10-3 8 

51+51->k- 1.26 1.0 oo (8.0±5.0)·10-3 2.26 • 10-2 8 

51+51->k- 1.4 1.0 oo (5.0±1.5)·10-2 7.0 . 10-2 8 

51+51->k- 1.4 1.5 oo (5.0:t:1 .5)·10-3 7.56. 10-3 8 

51+51->k- 2.0 2.37 oo (1.5±1.0)·10-2 1.66 • 10-2 9 

51+51->k- 2.0 1.5 oo (2.5±0.5)·10-1 3.46 • 10-1 9 

51+51->k- 2.0 1.0 oo (1.5±0.5)·10-3 1 .45 • 100 9 

-- -- --
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PaccMaTpusaeMhle npou.ecchl, KaK npasHJio, HMeiOT Manoe ce'!euue, u 

3KCnepHMeHTaJibHOe H3MepeHHe BhiXOAOB 4aCTHU. o6hi4HO HOpMHpyeTC~ 
Ha nOKa3aHH~ MOHHTOpHbiX C4eT4HKOB, CJJe,A~W.HX 3a HHTeHCHBHOCTbiO 

nepBH'!HOf'O ny'!Ka. JTO o6cTo~TeJibCTBO npHBOAHT K B03MOJKHOH CHCTe­

MaTH'IeCKOH owu6Ke a6coJIIOTHhiX ce'leHHH ua yposHe 15-20%, cyASI 

no JIHTepaTypHhiM AaHHhiM. (Ha yCTaHOBKe «KacnHH» Mhl OU.eHHBaeM 

3TY OWH6K y B npe.AeJiaX 15-30% B 3aBHCHMOCTH OT THna H3MepS1eMhiX 

peaKU.HH). llOMH~ o6 3TOM, TeM He MeHee 6y.AeM HCnOJib30BaTb nOCTO­

~HHble KOHCTaHTbl C1 H C2 6e3 KaKHX-JIHOO AOnOJIHHTeJibHhiX nOAfOHOK. 

CJie.AyeT OTMeTHTb, 'ITO TO'!HOCTb onpe.AeJieHH~ c2 - MeHee 1 ,5%. 

B Ta6Jiuu.e cpasuusaiOTC~ 3KcnepuMeHTaJihHhle AaHHhle, KOTOphle 

MOJKHO ua3BaTh ABaJK.Ahl KYMYJI~THBHhiMH c pac'!eTOM no <f>opMyJie (6). 

PucyuoK 2 no~cH~eT 3TOT TepMHH. 3AeCb npe.AcTaBJieua 3aBHCHMOCTh 

nepeMeHHOH X 
2 

OT X 
1

• li,JI~ npuBeAeHHhiX ua puc.2 KHHeMaTu'!eCKHX 

32 

X2 
3.0 

2.5 

2.0 

1.5 

3 . 

I 
I 

1.0 -----'--

0.5 
0.5 

1 
I 
I 
I 
I 

1.0 

2 

1.5 2.0 2.5 · 3.0 X1 
P11c. 2. 3aBI1CI1MOCTb x"J. OT x, II.Jl!l peaKU.11H: Kp11Bble I 11 2 II.Jl!l I ,5 rsB/c, 

K- 11 p nO,ll o· np11 :mepn111 HllJieTai011.\11X !l,llep 2 rsB/HyKJIOH; Kp11Bble 
3 11 4 II.Jlll 0,8 rsB/c, K- 11 p no,11 24" np11 3Hep1"1111 Ha.neTaiOII.\HX 11,11ep 
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CHTyaU.HH OCHOBHOH BKJia~ B paCClJHTbiBaCMOC CClJCHHC pCaJJH3YCTCSI, KOr­

~a KaK XI' TaK H x2 OOJiblliC e~HHHJJ.bl. 

Mo)KHO BbllJHCJIHTb 3aBHCHMOCTH HHBapHaHTHbiX celiCHHH OT OObllJHO 

H3McpSICMbiX napaMcTpoo. Ha pHc.3 cpasuHsaeTCSI paclJeT no <f>opMyJJe 

(6) c 3KcnepHMCHT3JibHbiMH ~aHHbiMH no po)K~CHHIO ~Ba)K~bl KYMYJJSI­

THBHbiX aHTHnpoTOHOB. 

,llJJSI npoBC~CHHSI OOJICC TOlJHOro paclJCTa CClJCHHH CCTCCTBCHH biM npo­

AOJI)KCHHCM ~aHHOro nO~XO~a SIBJISICTCSI HHTCrpHpoBaHHC <f>opM yJibl (6) 

(npH (j>HKCHpoBaHHblx Y;/ no nepeMeHHOH X
1 

HJIH x
2

, KOTOpble ocTaiOTCSI 

CBSI33HHbiMH Mc~y CoOOH COOTHOWCHHCM (3). 0pH 3TOM y)KC HC HY)KHO 

HCK3Tb MHHHMyMa napaMCTpa 0, nOCKOJibKY npHHHM310TCSI B p a C4CT BCC 

B03MO)KHble KOM6HHaU.HH X 
1 

" X 
2

• 

3ro oco6euuo Ba)KHO npH paccMoTpeHHH peaKU.HH c JJCrKHMH SI,ApaMH, 

a T3K)Ke .llJISI npoTOH-SilJ.CpHbiX peaKJJ.HH, nOKOJlbKY HCOOXO~HMO BBCCTH 

(") 
(.) 

1 0 -J ' C\J 
I:Q 
en 
H (6) 
p. 
(.) 

' '0 :a 

b !8 1 0 -4 

~ 
X 

~ 
X 

r:il I~ 

1 0 -s 

0.00 0.50 1.00 1.50 2.00 2.50 

P [fsB/cl 
PHC.J. 3!1BHCHMOCTb CC•ICilHH po>KACIIHII OT HX HMnyJlbC!I B J1800p!IT0p110H CHCTCMC AJIII 

pe!IKL\HH: (a) Si + Si 2 1'38/uyKJIOII na6.yroJt o· (9], (6) c + c 3,65 r3B /uyKJ1011 

na6.yt'OJ1 24• (II], Kp•tobtC - pac•tCT no <l>opMync (6) 
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PHc. 4 . 3aBH CHMOCTb ce4eHHH pO>KAeHH!I aHTHnpoTOHOB B npoTOH-!IAepHbtX CTOJtKtiOne­

HH!IX OT K H HeTH4CCKOH :mepm11 llaJICTai0111.11X npoTOHOB 11 paC•IeT C 1111Terp11p011aHHCM 

<j>opMyn~• (6) JIR!I pUKU.Hi1 : (a) P + Cu ... p (1,75 1'38/c) na6.ymn 10,8" (10). 
(6) P + C-+p (1,75 f3B/c), na6.ymn 24" [Ill 

CCTCCTBCHHhiC orpaHH4CHHSI Ha OOJlaCTb H3MCHCHHSI X I H x2. TaK, AJJSI 

peaK~uu P + A X 
1 

He MO)KCT 6h1Tb 6oJJbwe CAHHHU,hl. 

3aBHCHM OCTH CC4CHHH po)KACHHSI aHTHllpoTOHOB B npoTOH-SJACpHhiX 

CTOJlKHOBCH HSIX OT KHHCTH4CCKOH 3HCprHH HaJJCTaiOil.\HX npoTOHOB H pac-

4CT C HHTe rpHpoBaHHCM $opMyJlhl (6) npHBCACHhl Ha puc.4. 

PaccMoTpHM Cll.\C OAHY oco6eHHOCTb AaHHOro nOAXOAa. Cyll.\CCTBYIOT 

npo~CCChl , AJJSI KOTOphiX Y4CT Apyrux KaHaJJOB peaKU,HH, KpoMC OCHOB­

HOro, HC SI BJlSICTCSI npeHe6pC)KHMO MaJJhiM no CpaBHCHHIO C AOMHHHpy-

1011.\HM. 

HanpuMep, paccMoTpHM po)I(AeHue K+ - Me30HOB. OcHOBHhiM npo­

~eccoM po)I(AeHHSI K+ OOhi4HO C4HTaeTcSI OAHOBpeMeHHOe o6pa3o­

saHue A
0

, AJJSI coxpaHeHHSI cTpaHHOCTH (T.e. B $opMyJJe (3) 

M 4 = M 1\ o - M N = o, 176 r3B>. ECJJu Bhi4HCJlHTb ce4eHue po)I(AeHHSI c 
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PHc.5. 3aBHCI1MOCTI1 ce•leHHH po>K,I\eHHSI KYMYJJIITHBHbiX x+-MeJOHOB OT HX JJa6.HMnyJJb­

ca , no,/\ yrJJOM ll9" np11 ::meprn11 HaJJeTaiOII.IHX npoTOHOB 9,2 r::JB [6] 11 pac eT no <PoP­
MyJJe (6) )\Jill npol.leccou: n p + Ta, <> p + Cu, 6. p + AI, 0 p + Be 

Y'lCTOM TOJihKO 3TOro KaHana peaKIJ;HH no <l>opMyJie (6), TO CC'ICHHC 6y­

ACT npH6JIH3HTeJihHO B 2,5 pa3a MCHhWC 3KCnepHMCHTaJihHO H3MCp51e­

MOro. O~HaKo eCJiu Mbl Y'ITCM BKJI~ ocTaJihHbiX Tpex B03MOXHbiX Ka-

HaJIOB l:+, l:0
, l:-, TO nOJIY'IHM xopowee COrJiaCHC C OnbiTOM. Ha puc.S 

npe~cTaBJICHbl 3aBHCHMOCTH CC'lCHHH po)KACHH51 KYMYJI51THBHbiX x+ -Me-

30HOB OT HX HMnyJihCa H paC'ICT nO <l>opMyJie (6) C TaKHMH XC KOH­

CTaHTaMH C I H C
2

, KaK H B npe~~y~HX npHMepax. 

Ha OCHOBe <l>opMyJibl (6) MO:lKHO C~eJiaTh OOJibWOe 'IHCJIO KOJIH'ICCT­

BCHHbiX npe~CKa3aHHH pe3yJihTaTOB OJiaHHpyeMbiX 3KCnepHMCHTOB (a6-

COJIIOTHbiC BCJIH'IHHbl CC'lCHHH, yrJIOBbiC H 3HepreTH'ICCKHC 33BHCHMO­

CTH), He ucnoJih3Y51 HH o~Horo no~roHO'IHOro napaMCTpa. OpneHTHPY51Cb 

Ha 3anycK HYKJIOTpoHa (,ll,y6Ha), KOTOpblu no3BOJIHT nposo~HTh 3Kcne­

pnMeHTbl c T5l:lKeJibiMH MP3MH c 3Hepm51MH ~0 6 r3B/HyKJIOH , Bbi'IHC­

JIHM CC'lCHHC po)KACHH51 J /lp B peaKIJ;H51X C T5l:lKeJibiMH HOH3MH. 

Ha puc.6 noKa3aHa 3aBHCHMOCTh HHBapuaHTHoro ce'leHH51 po)KACHH51 

j/lp-'laCTHIJ;bl no~ o· OT ee HMnyJihCa ~JI51 peaKIJ;HH: 
28Si + 28Si H 

181
Ta + 181

Ta,paccqnTaHHa51 B npe~JiaraeMou MO~eJIH. 
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PHC.6. 3aBHCHMOCTb HHBapHaHTHOI'O Ce'leHHII po>KAeHH!I j/tp nOA 0' OT ee HMnyJibCa AJIII 

peaK~tHH : (a) 28Si + 28Si H (6) 181Ta + 18ITa, paCC'IHTaHHa!l B AaHHOH MOAeJIH 

3aKJIIO'IeHHe 

1. Ha BOnpoc, nOCTaBJJeHHblH B 3ai"OJJOBKe CTaTbH, MO.lKHO OTBeTHTb 

YTBepAHTeJJbHO. 

2. l1cnoJJb3Yil (j>opMyJJy (6) c yqeroM (3) u (4), MO.lKHO Bbl'IHCJJiiTh 

HHBapHaHTHble Ce'leHHil pa3Hoo6pa3HblX npou.eCCOB H npeACKa3blBaTb 3a­

BHCHMOCTH OT H3MepileMblX napaMeTpoB: OT 3HeprHH HaJJeTaJOUJ.HX, po.lK­

AaJOUJ.HXCil qacruu., a TaK.lKe yrJJOBble pacnpeAeJJeHnil. 

3. HaAO OTMeTHTb, 'ITO 3aBHCHMOCTb CC'IeHHH po.lKAeHHil 'laCTHU. OT 

napaMeTpa DOAOOHil n B pauoHe eAHHHU.bl MO.lKeT 6b1Tb He 3KCDOHeHU.H­

aJJbHOH, a KaKon-Hu6yA& Apyrou, OAHaKo npu 3TOM aoroMOAeJJhHOCTb no 

napaMeTpy n MO.lKeT coxpaHHTbCSI AJJSI ocero MHoroo6pa3Hil peaKu.uu. To 

.lKe CaMOe MO.lKeT CJJY'IHTbCil C <I>YHKIJ.HiiMH a I H a
2 

AJJSI O'leHb JJerKHX 

H O'leHb TSI .lKeJJblX ifAep. lloKa TaKHX OTKJJOHeHHH He OOHapy.lKeHO. 
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4. Tpe6yeT ~onoJIHHTeJihnoro OCMNCJieHHSI H yTO'IHeHHSI yHHBepcanb­
HNH, 6e3pa3MepHb1H K03$t>HU.HeHT C

2 
= 0,127, C HCDOJib30BaHHeM KO-

TOporo y~aeTCSI OOHCaTb CTOJib pa3Hoo6pa3Hb1H 3KCnepHMeHTaJlbHbiH Ma­
TepHaJI 6e3 BBe~eHHSI ~onoJIHHTeJihHbiX Ko3<jxpnu.neuros, Y'IHTNBaiOw.nx 
THO po~aeMOH '13CTHIJ.bl, a TaK)I(e 6e3 ~ODOJIHHTe.JibHbiX 33BHCHMOCTeH 
OT nepnen~HKYJIRpnoro HMDYJibca (HJIH nepne~HKYJIRpnon accN). 

5. CJie~yeT ~o6aBHTb, 'ITO ~aunaR MO~eJib npnMeHHMa He TOJibKO K 
no~noporoBNM H KYMYJIRTHBHNM npou.eccaM. B ~aHHOH cTaThe no'ITH He 
HCnOJib30sau o6mnpub18 3KcnepHMeHTaJibHNH MaTepnan no po~eHHIO 
Jt-Me30HOB H pe30HaHCOB. .ll,JISI ODHCaHHSI 3THX peaKU.HH HeOOXO~HMO 

y'leCTb MaCChi pe30HaHCOB C y'leTOM pacnpe~eJieHHSI JipeHTa-Bnmepa C 
COOTBeTCTBYIOlli.HMH Ta6JIH'IHb!MH IUHpHHaMH H DOJIO)I(eHH.SIMH MaKCHMy­
MOB. SoJiee roro, ~aHHNH MeTo~ MO)I(eT no3BOJIHTb B~eJISITb oco6eHHO­
CTH, THO pe30HaHCOB, B B~e OTKJIOHeHHSI 3KCnepHMeHTaJibHbiX Ce'-leHHH 
OT paC'IeTHOH 33BHCHMOCTH, HO 3TO y)l(e TeMa ~Jill OT~e.JibHOI'O H3JIO)I(e­
HHll. 

Mue xo'leTCll no6Jiaro~apHTb A.M.Ii~nua 3a DJIO~oTsopuNe o6cy)l(­
~eHHSI uaCTo.s~meu pa6oTN, A.li.Kypennua 3a noMep)I(KY B pa6oTe H 
C.B.HHKHTCKYIO 3a noMOliJ.b s npoBe~euHH pac'-leTOB H oQ>opMJieHHH 
CT3TbH. 

I. li~nu A.M. - B c6.: KpaTKHe coo6meunR no ¢>n3HKe <I>HAH, 
1971, M.: <I>HAH, c.35-39. 

2. CTaBHHCKHH B.C. - Tpy~N 9 Me~yuapo~uoro ceMnuapa no npo-
6.neMaM ¢>H3HKH BbiCOKHX 3Hepntii:, T.1, 0J151J1, .ll,1 ,2-88-652, .ll,y6ua, C.190. 

3. li~nu A.M., li~Hu A.A. - B c6.: KpaTKHe coo6w.eHitSJ. OH.SIH 
17-86, .ll,y6ua, 1986, c.l9. 

4. Ba1din A.M., Didenko L.A. - Fortshr. Phys., 1990,38,4,p.261-332. 
5. oapeu6JiaTT f.l1. - no~ooHe, pa3MepHOCTb, npoMe)l(yTO'IHa.SI 

aCHMOTOTHKa. 113~.2, 11.: ~poMeTeOH3~aT, 1982. 
6. lioRpHHOB C.B. H ~p. - Sl<l>, 1989, T.SO, Bhln.6, c.1605. 
7. lio.s~pHHOB C.B. H ~p. - SI<I>, 1987, T.46, sbln.S, c.1472. 
8. Carroll J. - Nucl. Phys., 1988, A488, c.203. 
9. Shor A. et al. - Phys. Rev. Lett., 1989, 62, c.2192. 
10. 11ennxnu IO.Ii., CMHpHHTCKHH B.A., IllenuxMaH B.A. - Tpy~N 

3 CnMn03HyMa no N-N-s3aHMOAeHCTBH.SIM. 11.: 1986, c.299. 
11. Ba1din A.A. et al. - Nucl. Phys., 1990, A519, c.407-411. 
12. Baldin A.A. et al. - In: JINR Rapid Commun. No.3-92, Dubna, 

1992. 

PyxonHCb nocTynHJia 2 HIOHSJ. 1992 n:ma. 

37 



KpamKue coo6tl¥!1tUR OHHH 3[54 ]-92 

Y ,[lK 539.12 

JINR Rapid Communications No.3[54]-92 

THE OBSERVATION OF STABLE H(S = -2) 
AND A·(s = -3) DIBARYONS 

B.A.Shahbazian, T.A.Volokhovskaya, A;S.Martynov 

T wo events observed on photographs of the JINR 2m propane bubble chamber 
exposed to 10 GeY/c proton beam were interpreted as H(S = -2) and 

A"(S = -3) stable dibaryons of (2408.9 ± 11 .2) and (2480.2 ± 32.5) MeV /c2 

masses, respectively. 
The investigation has been performed at the Laboratory of High Energies, 

JINR. 

Ha6JIIOAeuue cTa6HJihHbiX H(S = -2) 
u A·(s = -3) AH6apuouos 

6.A.Illax6a3SIH, T.A.BonoxoscKaSI, A.C.MapTbiHOB 

J].oa co6biTI111, o6Hapy>KeHHble Ha <!><>Torpa<j>I111X 2-MeTpoooii nponaHoooi1 
KaMepbl OI.UUI, OOJJy'leHHOH npoTOHaMI1 c 11MliYJibCOM I 0 r3B/c, 11HTepnpeTI1-
PYIOTC!I KaK CTa6HJJbHbJe A116ap110Hbl H(S = -2) 11 A"(S = -3) c MaccaM11 

(2408 .9 ± 11.5) 11 (2480.2 ± 32.3) M3B/c2 COOTBeTCTBeiiHO. 

Pa6oTa BblliOJJHeHa u Jla6opaTOp1111 BbJCOKI1X 3Hep1'11H 011~11. 

At present a number of theoretical models of elementary particles, e.g. 
[ 1-8 ], predict the existence of dibaryons, stable against strong decays. The 
numerical values of their masses vary from a model to another one (Table l). 
But all these predictions have one distinctive feature in common. Namely, 
the strangeness and the hypercharge of the members of this new class of 
hadrons should satisfy the conditions S ~ -2 and Y ~ 0, respectively. The 
quark and skyrmion model mass spectra, which have the same quantum 
number content forB= l, differ radically for B = 2. Certainly differ the 
lowest-lying, i.e., the stable dibaryonic states. In Q6 models the H (I= 0, 
J '= o+ , Y = 0, B = 2, S = - 2) is S U (3) -flavour singlet {I} = {I} for which 
the colour-magnetic attraction due to quark-gluon exchange is maximized 
and its mass lies below the AA threshold. In contrast to the _quark model 
predictions on H, its analogue in the Skyrme model, the H, is I= 1, 
J = o+, {t} = { 1 0•} of a mass - 2370 MeV I c2, thereby being above theAA 
, 'E.N, 1\l: thresholds [8 ). 

Recently Goldman and Stephenson with collaborators [ 13 I have 
demonstra ted using two different quark models of hadrons that there 
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Table I. The predicted and measured masses or S = -2 dibaryons <MeV/c2
), 

times or flight T( 10- 10 s) and formally estimated production cross section a <nb) 

Theoretical oredictions Exoeriment 

S, y Model U1 I J Mass Mass T a 

2150 (I I 

2178 (2) 

2164 )3) 2174.6±13.0 (9) 0.6 8 100 

<l {I} 0 o+ 2216±5 2218.0± 12.0 (10) 6.674* 100 
(4) 

-2,0 2090 (51 2220.1 ±5.4 I Ill - 138 

2110 (61 

Lattice 2217 171 

QCO at 
M" =1109 

Skyrme {I 0•} I o+ 2370 [8[ 2408.9±11.2 [121 >5.236 tOO 

*Unfortunately, an erroneous value for T had been cited in [ 101 . 

should be isodoublets of dibaryons with strangeness S = -3 and 
J = I ,2, which are stable with respect to strong decay. The predicted 
masses of these N·(J = I /2, Y = -1, B = 2, S = -3) dibaryo s are for 
the Spherical Bag Model 2470.7 and for the Potential Model 
2366.2 MeV /c2 in agreement with our result (2480.2 ± 32.5) MeV /c2. 

This brief introduction is important later on when we will try to 
interpret two new events found in this experiment. 

l. In February, 1991 , a noteworthy event has been detected (Figure). 
A neutral particle is emitted from the vertex of a one-prong 
neutral star marked in the Figure as P . The only track of the 

r 

star of I I 10 = 1.56 ionization most probably being due to a proton of 

(795.3 ± 229.1) MeV/c momentum is 10.95 em long. The vD after 
covering a range of 12.83 em· decays into a slow proton of a black track 
which after a faint rescattering stops in propane, and a fa ' t negative 
particle of a kinked track. This particle of 0800.1 ± 688.6) MeV /c 

momentum (for the L - hypothesis) and of 7.60 em long tr ck before 
the kink cannot be identified visually because the ionization measure­
ments in propane are feasible only up to l.O GeV /c momenta . And the 
track aftet the kink certainly belongs to a slow negative pion which after 
covering a range of 49 em stops in propane, is captured by a 12C 
nucleus and knocks out two slow protons from it. The invariant mass 
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Table 2. The results of the kinematic two-vertex, 4- and 3-constrai 1 fits 

to the obsen:ed event,/(2V-4C) and x\2V-3C) are averaged 

over eight and ten measurements respectively, 11 stands for the ne Iron 

Possible imitating reactions x\2V-4C) x\2V-3C) 

A-+p+:rc - +11-+JC - +II 1538.22 979.78 lC 

:rc- + 12c ... :rc- + 12c 1538.89 939.17 

2.0-+p+:rc-; lC 
- +11-+JC - +II 1423.33 865.08 

:rc- + 12c .... :rc- + 12c 1740.36 1100.35 

A+ tt-+ p + l:-; l:--+n+:rc- 447.64 430.92 

J(l+ll-+p+K-; K- -+ :reo+ :rc- 1340.00 1203.50 

K-+11-+A+:rc 1136.10 1185.95 

K- +fl-+l:0 +:rc- 1248.64 2703.31 

of the vO for the vO -+ p + n- hypothesis is ( 1828.5 ± 97 .2) MeV I c2 

(the error of the average over eight measurements is cited). Hypotheses 
on combinations of sequences of two-body weak decay, resca ttering on 
a neutron or 12C nucleus as well as reactions able to imitate the 
observed event were tried (Table 2). 

As far as the negative particle momentum 0800.1 ± 688.6) MeV /c 
(688.6 MeV /c is the s.d. for eight measurements) was measured much 
less accurately (38%) than that of the decay proton (2%) and nega­
tive pion (2%), two vertex, four- and three-constraint fits have 
been tried, with the negative particle momentum treated in the 
last case as an unmeasurable parameter. Clearly all hypotheses on 
imitating processes have to be rejected. The estimated probability 

of the sequence of reactions n + n -+ n + p + n-, n- + n -+ n- + n or 

n- + 12C-+n- + 12C of 2·10-5 on 105 K photographs [10 ) holds for 
this event also. Furthermore the track length of the 12C recoiled as a 
whole in the reactions 1-4 of Table 2 would have been 0.6 em long, 
which would be quite reliably detected. Any of the lighter fragments of 
a 12C nucleus would produce longer tracks. Thus we have independent 

proofs that the kink of the yO negative track does not result in the 
above reactions. 

Then we have tried the hypotheses of the three exotic weak decay 

modes of the observed vO (Table 3) with unknown masses. Only the 
hypothesis H-+ p + l:- , l:--+ n + n- fits the observed event. The 
best-fit mass is Mil= (2408.9 ± 11.2) for the (2V-3C)-fit and 
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Table 3. The results or the kinematical two-vertex 3- and 2-constraint rits 

or the exotic two-body weak decays to the observed event. 

x\2V-3C) and i(2V-2C) are averaged 

over eight and ten measurements, respectively 

N~ Two-body exotic weak decays x\2V-3C) C.L. i(2V-2C) C.L. 
("o) <%> 

I. N(S=-4)-+ p + Q-; g--+ ~ +Jt- 171.45 - 69.15 

2. A0(S= - 3)-+ p + :::-; :::--+A+ Jt- 63. 11 - 52.94 

3. H(S=-2)-+ p +I-; I--+rt+Jt- 1.97 57.9 1.42 49.0 

Table 4. The measured (M) and ritted (F) momenta p, 

the tangents or the dip angles tg a; and the azimuthal angles f3; 

from the sequence of the weak decays H-+ p + :r-, :r--+ n + Jt -

Weak deca~s M F 

P. (MeV/c) 
I 

H-+ P +I- P 293.8 ± 6.7 291.7 ± 6.6 

:r- 1800.1 ± 688.7 1760.8 ± 43.3 

I--+II+Jt- " 1659.0 ± 42.6 

Jt 174.5 ± 3.5 173.5 ± 3.4 

H-dibaryon 1970.1 ± 44.7 

tga; 

i{ ... P + :r- P 0. 96296 ± 0.04441 0.96580 ± 0.03466 

:r- 0.09722 ± 0.00735 0.095309 ± 0.00562 

I- -+ II + Jt - II 0.08527 ± 0.00668 

Jt 0.15177 ± 0.02738 0.15192 ± 0.02743 

H-dibaryon 0.18924 ± 0.00660 0.19100 ± 0.00404 

{3 . (rad) 
I 

H-+ P +I- P 1.71804 ± 0.02019 1.71106±0.01734 

:r- 1.16441 ± 0.00372 1.16350 ± 0.00177 

I--+II+Jt - II I . 26485 ± 0 .00431 

Jt 0.26897 ± 0.01307 0.27345 ± 0.01197 

H-diba!)'_on 1.21986 ± 0.00097 1.22002 ± 0.00094 
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(2407.7 ± 11.5) MeV /c2 for the (2V-2C)-fit. The best-fit parameters 
in these two fits coincide within the tenth of a per cent. The efore only 
the (2 V-3C) best-fit parameters are shown in Table 4. 

The above full kinematical analysis, performed for each interaction 
vertex which have occurred in this frame, both seen and not seen in 
the Figure, proved to be successful only for the neutral one-prong star 
(P,). We have tried even the following eccentric possibility. Let us 

assume that from the vertex of the star seen in the right lower part of 

the Figure, a << Vl»-particle is emitted in the backward hemisphere, its 

decay vertex coinciding with the decay vertex of the true ~--hyperon, 

the negative <<decay>> track with stopping n- track and with the <<positive» 

one, forming at the end point a one-proton star - the true ~- track 

but this time <<emitted>> from the « Vl» vertex (i.e. from the weak decay 

vertex of the true ~- ). Of all possible decay modes of all known neutral 

particles survive only those of n-p and n-n + final states. One has 

(x~(l V-3C))= 1402.4, (x~(l V-3C))= 1286.4 and (x~o(l V-3C)) = 293.7. 

Returning to the true topology we have not succeeded in fitting the 

hypotheses A+ p-. H + K+(2V- 2C) and :::0 +d-. H + p(2V- 2C) 

either. Here A and 2° were assumed to be emitted from unknown 
interactions, d being a hypothetical intranuclear dibaryon fl uctuon of 
the deuteron mass. 

Finally we have succeeded in fitting the hypotheses H + p -. H + p 

for the measured mass of MH = (2408.9 ± 11.2) MeV /c2 with 

l(l V- !C)= 1.52, C.L. = 21.8%. This result means tha t the H 
perhaps had been produced either in the bubble chamber front wall or 
even in the prim2ry channel. Therefore one has to take tha t the time 
of flight of the H is more than the time of flight between the recoil 

proton and decay vertices, i.e. TH > 5.236 · 10- 10 s. 

Besides, the following hypotheses and tests have been tried in 
addition. (i) Special attention had been paid to the po ·sibility of 

imitating the event observed by the two-body reaction A + n -. p + ~-, 
resulting in the same final state particles as the weak decay 

H-. p + ~ :- . The target neutron in reaction 5 of Table 2 is assumed 
to be at rest. The fit proceeded in two steps. In the firs t one the 

hypotheses on A + n-. p + ~- conversion fail to fit the event with 

/(I V - 3C) = 344.66 demonstrating thereby that the vO observed is not 
created in the above binary reaction and particularly that the neutral 
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Table 5. The transversal l:- and p momenta (MeV /c), normal to the straight line, 

connecting the interaction and Jll vertices in the (r-, p) plane 

and he noncoplanarity angle 'I (mrad) between the above line and plane 

measured 

fitted 

(H .... P + l:-) 

.l 
p -

I 

190.3 ± 26.0* 

187 .1 ± 4.6 

p.l 

194.0 ± 4.4 

192.4 ± 4.4 

*Here the error or the average over eight measurements is cited . 

,, 
0.9 ± 5.0 

1.2 ± 6.0 

particle is not a A-hyperon. In the second step the hypothesis on weak 

decay .r--+ n + n- fits well the event with l(l V- lC) = 0.185, 
C.L. = 66.8 % proving thereby that the negative kinked track of the 

yO is due to the weak decay of a .I:--hyperon. The total hypothesis on 

the sequence of A+ N-+ p + .r- conversion and .r - -+ n + n- weak 

decay fails to fit the event observed with x\1 V- lC) = 447.64 and has 
to be rejected. 

Nevertheless one has to consider in detail the hypothesis on AL con­
version on a Fermi-moving neutron of a 12C nucleus. In order to reveal 
the possible Fermi-motion of the presumed neutron target we have com­
puted: a) the noncoplanarity angle TJ, i.e. the angle between the straight 
line conpecting the emission and decay vertices and the plane formed 
by the proton- and sigma-momenta. Let us stress that this angle de­
pends only on emission angles of the particles involved, which are mea­
sured with better precision than the respective momenta even for the 

short track of the .r-, as it can be seen in Table 4; b) the components 

of the p- and .r--momenta in the (p, 1:-)-plane, transversal to the pro­
jection of the above straight line on this plane. These parameters, both 
the me~sured and for the comparison the best-fit ones for the sequence 

of hypotheses H-+ p + .r-, .r- -+ n + n-, are shown in Table 5. The 

differences of both measured and fitted transversal momenta 1'1pJ. = m 

= P:
111

- Pt-
111 

= (3. 70±26.37) and 1'1pf = p:f- pt-I= (5.3 ± 6.4) MeV I c 

as well as the respective noncoplanarity angles are well compatible with 
zero. But such a situation also can be well realized if the AL conversion 
takes place on a neutron moving with a Fermi-momentum either parallel 
or anti parallel to the momentum of the incident A-hyperon. The (2 V-

3C)-kinematical fits of these two hypotheses proved to be unsuccessful. 

44 



Finally let us estimate the probabiluty of the ~ conver ion on a 
Fermi-moving neutron. Let us assume that the Fermi-momentum 

transversal component in the (p, ~-)-plane is q~ = d(Llp~) = 26.37 or 

q~ = 3·d(tlp~1) = 79.11 MeV /c. Taking into account the normal to the 

(p, ~-)-plane component of the «fitted>> A-momentum from the reaction 

i\+n-.p+~-. ~·sin,1 =3.18 MeV/c (/~=(1271.3±25.3) MeV/c 

rfr.. = (2.5 ± 5.8) mrd, <<f» stands for <<fitted») we obtain the tot I Fermi­

momenta q F = V (26.37) 2 + (3.18) 2 = 25.56 and 3q F = 79.68 me VI c. The 

probabilities to meet neutrons of these momenta in a 12C nucleus can 
be easily calculated. Indeed, the proton momentum distribution in a 12C 
nucleus had been measured long ago and rather well described by 

distributions exp (-qpiqs) 2 and (qpiqp) 2 exp (-qpiqp) 2 deduced from 

the harmonic oscillator model for the s- and p-shells respectively [ 14 ]. 
The full normalized distribution is given by the following formula 

/)2 (/)2 
P( )=0376(_ 1 -qFqs +4-32 -QFQP)d (l) q F ' q s e q p Q!f! q F' 

where qs = 160 MeV /c, qp = 95 MeV /c. 

The probabilities to meet neutrons of q F = 26.56 and 79.68 MeV /c 

in a 12C nucleus within the momentum intervals· dq F = 26.56 and 

79.68 MeV /c, respectively, arc P<26.56) = . 0.09 and P(79.68) = 0.62. 

Let us now calculate the yield of the ~ conversion process. As far 
as in our case q F < < p A one can use the tabular data on cross sections 

for the target at rest 115). The yield for a model of a 12C nucleus of 
a cylindrical form of De both diameter and height is 

aT -1(31! a + 811 aT + PM ) (2) i\1: C AC p Ap cr 
N = -e A A x 

AL aT 
Ap 

T d2Nm 
-na D A 

x (I- e Ap c) dp dQ ·sin8~·3(L'lp~)·3L'l(LlE>~)·3(Llcp~) . 
A A 

Here I= 12.83 em is the range of the vO , nc = 1.8 · 1022 em - 3, 

nP = 4.8 · 1022 em - 3 
- the 12C and 1 H densities in propane, 

T T T ai\1:(1271)=(4.4 ± 2.2) mb 115), aAp =34mb 115) aAC = 236 mb-
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the total cross sections, De= 5.48·10- 13 em, 1.3·1038 cm-3 - the 

nuclear matter density. The measured parameters are labelled by the 

letter m. Finally we have P(26.56) · N Al:(26.56) = 9.010- 8 and 

P(79.68) · N Al:(79.68) = 6.3 ·10-7. 

Not being content with this we have considered the same reaction 
induce<i.._by a A, emitted this time from an unknown interaction vertex. 
In this case we do not know the A momentum 3-vector. Therefore both 
in the first and the second steps we have (IV -1 C) -fits. Again the full 

two-step fi t has failed with i<2V-2C) = 204.0, though the second step 

fit of the hypothesis ~- -+ n + n - once more had been successful with 

x20V-1C) = 0.54, C.L. = 46.0% thereby confirming again that the 

kinked track of the yO observed belongs to a ~--hyperon. 
Thus the above analysis demonstrates that the ~ conversion of a 

A emitted either from the interaction vertex P or from an unknown 
r 

one on a neutron either Fermi-moving or at rest fails to imitate the 

event observed. Six reactions A+ n-+ p + ~- + n° with n° and n 

momenta parallel or antiparallel to the A momentum, or n at rest, failed 
to fit the event also. 

(ii) After we have convinced ourselves that the kinked track of the 

yO belongs to a ~- hyperon, the following trivial possibility of imitation 
had been tried: the yO particle observed in reality had been created in 

n + n -+·p + ~- + KJ + (mn°>, m = 0, I, 2, ... interaction, by a fast 
neutron, which could result in a proton- or a secondary hadron-nucleus 
collision. Unfortunately no kinematical analysis is feasible in this case. 
The estima te of the differential cross section of this reaction in the 
frame of the OBE-model for the topology of our event leads to a yield 

of 6·10 - 7 events on lOOK photographs. Therefore this possibiluty also 
should be rejected. 

It is pertinent to discuss here the assertion of Dr Imai in his answer 
to a quest ion at PANIC 12 [16 I on the possibility of imitating event 

H(2218) -+ p + ~-. ~--+ n + n- [10 1 by intranuclear conversion 

A + n F-+ p + ~-, ~- -+ n + n- on a Fermi-moving target neutron of 

40 MeV /c momentum. 
Let us remind that the fit of the ~ conversion on a target neutron 

at rest proceeded in two steps. In tltc fin,l one tlh .. · hypothes i ~> .. 111 

A+ n-+ p +~- conversion fails to fit the event with /<I V-2C) = 11.14 

and C.L. = 0.39 % (the A and ~ - momenta arc unmeasurable) 
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Table 6. The same as in Table 5, for the event, reported in [1 01 

ii .... p + r -. I- .... II+ :n;- A+ n-+ p +I- I- -+ n + :n; 
-

Measured Fitted Measured Fitted 
1 200.8 ± 4.4 204.3 ± 4.4 206.6 ± 6.3 201.9 ± 4.0 

p; 

pl 202.4 ± 4.4 203.8 ± 4.4 202.4 ± 4.4 20 .6 ± 6.1 
p 

'I 6.7 ± 6.7 2.6 ± 4.4 6.6 ± 6.7 0.9 ± 6.7 

demonstrating thereby that the Vl observed was not created in the above 
binary reaction and particularly that the neutral particle is not a A­
hyperon. In the second step the hypothesis on a weak decay fits well 

the event with ioV-IC) = 0.476 and C.L. = 48.0% proving thereby 
that the negative kinked track of the Vl is due to the weak decay of a 

l:- -hyperon. The total hypothesis on A+ n-. p + l:-, l:·--. n + n- now 

should be rejected with l<2V-3C) = 11.53, C.L. ... 0.82% (the 11-th 
reaction in Table 1 of the article ( 10 )) . Again, in order to reveal the 

Fermi-motion of the presumed· neutral target, the _transversal ~I-- and 

-momenta both for the Al: conversion reaction and the H-decay hypo­
theses using both the measured or fitted parameters as well as the non­
coplanarity angle 'I have been calculated (Table 6). Let us note that 

pt- in the first and third columns were calculated using the fitted 

pi- (pi- is unmeasurable) and the sin of the corresponding measured 

angles. It is clear that both the 'I and l:!.p.l. = pt- - p~ are compatible 

with zero. Again, the (2V-3C) kinematical fits of the hypotheses on 
Al: conversion on Fermi-moving neutron with the momenta either paral­
lel or antiparallel to the incident A momentum, were unsuccessful. Ne­
vertheless let us identify the maximal components of the p A momentum 

in the (p, l:-)-plane l:!.p.l. = (4.30 ± 7.70) MeV /c and along the normal 

to it l:!.pN=p sin '1=(6.00±6.00) MeV /c (pA = (900.10 ± 18.10) MeV /c 

being the fitted A momentum for the Al: conversion hypothesis) with 
the respective components of the target neutron momentum. Thus, sup­
pose qF= V(l:!.p1

)
2 + (l:!.pN) 2 = (7.35 ± 10.25) MeV/c. The probabi-

lity of meeting a neutron of 7.35 MeV /c ruomentum within the 
qF= 7.4MeV/c momentum interval in a 12C nucleus, according to the 

formula (l) is P(7 .35) = 1.8 · 10~ 2 • The corresponding Al: conversion 
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yield is N AL= 1.2 ·I0-5. Here /= 10.0 em, o~=7.85 ( 15), o~(900) = 

d2Nm 
=34mb, .L ,~ 0.22 (MeV/c)- 1 ·rad- 2,~p~=l8.1 MeV/c, ~()~ = 

\ 

=8.66 mrd, ~'P~ = 1.42 mrd, sin()~ = 0.2852. Finally P(900) = 

=P(7.35)· NAL=2.16·10- 7• For qF=40 MeV/c, ~qF= 40 MeV/c, P(40)= 

=0.182 and P(900) =P(40)·NAL=2.18·I0- 6. Thus even the ellegal 

identification of the nonsignificant 1\. momentum disbalance with the 
assumed target neutron Fermi momentum qF = (7.35± 10.25) or 

40 MeV I c ( 16) leads to negligibly small probability of the JU: conver­
sion. The refinements of the nuclear model would not change much this 
result if only the use of the differential cross section of the JU: conver­
sion, corresponding to the topology of our event, which is unfortunately 
unknown, instead of the only known total cross section of the 1\.+p-. 

-. p+~0 (10 ), would certainly cover these changes. Again, the 12C nu­
cleus recoiled as a whole would form in propane a 0.2 em long track 

· which would be quite reliably detected. Any of the lighter fragments of 
a 12C nucleus would produce longer tracks, i.e. we have an independent 
proof that the kink of the negative track does not result in the reactions 
l-4 of Table 1 (10 ]. 

Thus the hypothesis on JU: conversion on a Fermi-moving neutron 
of a 40 MeV/c momentum (16) is completely baseless. 

Returning to the event found in February 1991 we are forced to in-
terpret it as the weak decay of a stable neutral dibaryon H-. p + ~-, 
~- ... ~ + :rr; - of a mass MH = (2408.9 ± 11.2) MeV /c2

, exceeding the 

/\./\., 'EN, JU: and ~~ strong decay thresholds. Perhaps we have suc­
cedeed in observing a representative of the neutral component of the 
charge triplet I= 1, J = o+, U} = {10 .. } stable dibaryon of the mass 
MH:::::: 2370 MeV /c2 predicted by Callan - Klebanov - Kunz -

Mulders soliton Skyrme-like model (8 ]. From this point of view it 
would be very important to find its positively and negatively 
charged partners. Experimentally one has to search for weak decays 
-+ + - -- - -H -. 1\. + p , 1\. + p + :rr; · + :rr; , etc., and H -. 1\. + p + :rr; + :rr; • This 
program is easily feasible by means of bubble chamber technique and 

-+ 
we have started the search for the H- weak decays among the events 
of the appropriate topologies. 

It should be stressed that the bubble chamber technique is well suited 
for the reliable detection and analysis of weak decays of stable 
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dibaryons and multibaryonic hadrons which quite often have to look out 

as branching out combinations of yO and v± events. Three examples 
of such objects have been reported in [9,10,12]. Moreover, it is possible 
to estimate the mean life-time for weak decays due to wide momentum 
interval of detectable dibaryons. But simultaneously this technique 
permits one to detect and analyse quite reliably also the events of the 
intranuclear conversion of these exotic hadrons into hyperons. Two 
events found in n12C (7 GeV /c) and p12C (10 GeV /c) exposures have 
been well fitted by the reaction H + p ..,. 2A + p [ 17, 18 ). 

2. This method permitted us to identify an event as a candidate for 
the A<S = -3) dibaryon. As a result of the triple scan of 260K 
photographs an event has been found which can be interpreted as due 
to intranuclear conversion of a A-dibaryon. A 10 GeV /c beam proton 
produces a six-prong star and three lambdas. The most <<dangerous» 
background able to imitate this event is the possible creation of all these 
lambdas in an intranuclear cascade process. Unfortunately a precise and 
refined estimate of its probability is impossible today becau e of the 
absence of suitable algorithms. Instead, the pessimistic, overestimated 

background of this sort is 5 ·10-2 events on 260K photographs. The 
measured total cross sections for the A production in p12C collisions at 

lO GeV/c is ai\(p12C) = 5 mb, and the total cross section for the A 

production in nN collisions at 0.9 < p:rr < 10.0 GeV /c is a(nN) e 1 mb. 

Now we have supposed that the most energetic A is created in p 12C 

collisions with cross section O.la" (p12C) = 0.5 mb, the two slower lamb­

das being created in nN intranuclear collisions with 0.1a" (nN) = 

= 0.1 mb cross section at n = 1.3 · 1038 em - 3 nucleon de sity on 

r = l.5R(12C) = 4.12 fm path length each. The coefficient .1 acco­
unts for the momentum and angular distributions of lambdas. Of 
a series of intranuclear cascade processes, successfully fi tting our 

event <i<4 V-9C) = 9.19, C.L. = 42.0%) were only the following 

ones ,A' + ( ~) ~ 3A + ~:) with the best-!U mass averaged M A ~ 
= (2480.2 ± 32.5) MeV /c . For the fixed predicted masses [13) one has: 

l. x2<4V-10C) = 10.0, C.L. = 44.0% for the Spherical Bag Model and 

2. l<4V-10C) = 18.0, C.L. = 5.5% for the Potential Model [19 ]. In 

both cases l were averaged over these two reactions. 
There is no need to stress the extreme importance of the search for 

the stable di- and multibaryonic hadrons. One of the most difficult parts 
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of this problem seems to be the copious production of these hadrons. 
Most probably it could be ensured in low-energy Q-, :::--nucleus interac­
tions by sending an intensive hyperon beam of inevitably high momen­
tum after an intensive beam of relativistic ions, the adjustable momen­
tum per nucleon of which is always lower than the hyperon beam momentum. 
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THE OBSERVATION OF THE SECOND HEAVY STABLE 
H(S = -2)-DlBARYON 

B.A.Shahbazian, T.A.Volokhovskaya, A.S.Martynov 

We have succeeded in observing a second event which is una!!!biguously 
interpreted as the creation and weak decay of the heavy stable H(S = -2) 
dibaryon. Its mass, equal to Mif = (2384.9 ± 31.0) MeV /c2, is in good agree­

ment with the mass of the first dibaryon, (2408.9 ± 11.2) MeV/c2, recently 

observed. 
The investigation has been performed at the Laboratory of High Energies , 

JINR . 

Ha6moAeHne BToporo TSDKeJioro cTa6HJibHOro 
.lJ.H6apnoHa H(S = - 2) 

6.A.lllax6a3SIH, T .A.BoJioxoocKaSI, A.C.MapTbiHOB 

06HapylKeHo BTopoe co6b1THC, KOTopoe OAH03Ha'IHO_HHTepnpeTHpyeTC!I KaK 
pDlKJieHHe H CJ1a6bli1 pacna11 T!llKeJIOI'O CTa6HJlbHOI'O H(S = -2) i1H6apHOHa. 
Macca ero, pauHall (2384.9 ± 31.0) M3B/c2, HaXO/IHTCII u xopoweM corJJaCHH 
c Maccoi1nepnoroAH6apHmta, uai111CHnoro pauee, (2408.9 ± 11.2) M3B/c2. 

Pa6oTa BblllOJIHeHa B Jla6opaTOpHH BbiCOKHX 3Heprni1 QIUUI. 

The search for stable dibaryons is in progress. On a photograph of the 
JINR 2m propane bubble chamber, exposed to 10 GeV /c proton beam on the 
30th of December 1991, we have found an event, which as a result of the 
four-vertex, four-constraint fully exclusive kinematical fit, (4 V-4C), has 
been unambiguously_interpreted as the creation and weak decay of the 
second heavy stable H(S = -2)-dibaryon. 

A 10 GeV /c beam proton produced a two-prong star and a 0'­
particle, which after covering a range of 6.87 em. in propane, weakly 
decays into a slow proton of black track that stops in propane after 
rescattering, and a relativistic negative particle of minimum ionization 
doubly kinked track (Figure). The first part of this track between the 

0'-vertex and the first kink, 6.65 em long, is formed by a negative 
charged particle of a momentum certainly over 1.0 GeV / c and thus 
cannot be visually identified in propane. Instead, the second and third 
parts of this track with momenta coinciding within the hal f an error, 
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parts of this track with momenta coinciding within the half n error, 
are due to the same uniquelly identified negative pion, recoiled against 
a 12C nucleus. 

One of the prongs of the star is due to a slow positively charged 
particle of a black track, emitted in the backward hemisphere. After 
travelling in propane a range of 1.3 em this particle obviously suffers 
weak decay, the positively charged light decay particle being emitted 
also in the backward hemisphere. Its momentum, averaged over six mea­
surements is equal to (231.1 ± 4.9) MeV /c. The apperance of the corres­
ponding track excludes the positron hypothesis, whereas the closeness 
of the measured momentum to the rest system momentum, p = r.s. 

= 236 MeV /c, for the K+-+ p. + + v decay mode, rejects the alternative 

decay mode K+-+ n + + n°, because in this case p = 205 MeV /c. So, r.s. 

these facts suggest that the black track is formed by a stopping positive 
kaon of ( 136.5 ± 3. 7) Mev I c momentum, suffering K+ -+ p. + + v . weak 
decay. 

The second prong of the star is formed by a fast relativistic positively 
charged particle of minimum ionization and a momentum of several 
GeV /c. Therefore it has been identified only in kin~matical ana~ysis. 

The multivertex kinematical analysis we have started with two-vertex, 
four-constraint fits. Hypotheses on combinations of sequences of two­
body weak decays, rescattering on a neutron or a 12C nucleus, as a 
whole, as well as reactions, able to imitate the observed event have 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Table I. The results or the (2V-4C) kinematical fits or the hypotheses 

on the possible reactions able to imitate the observed event. 

l(2V-4C) are averaged over six measurements 

Possible imitating reactions 

1\ + II -+ p + :I;-; 

/(0+11-+p+K-; 

:I;- -+II+ 1f­

K- -+ ][- + ][o 

K- ... ,t - +v 

K- + 11-+][ - + 1\ 

K- +II-+ 1f- + :E0 

450.20 

454.72 

220.61 

212.91 

401.40 

no fit 

no fit 

no fit 

no fit 
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been tried (Tabie 1). Clearly all hypotheses on imitating processes have 
to be rejected. The estimated probability of the sequence of the reactions 

n + n ... n + p + :rc-, :rc- + n ... :rc- + n or :rc- + 12C ... :rc- + 12C of the 
I0-5 order of magnitude on 105 K photographs (2,3 J holds for this 
event also. Furthermore the track length of the 12C nucleus recoiled as 
a whole in the reactions 1-4 of the Table I would have been 0. 7 em 
long, which would be quite reliably detected. Any of the lighter frag­
ments of a 12C nucleus would produce longer tracks. Thus we have 

independent proofs that the first kink of the yO negative track does not 
result in the above reactions. Again, as in (21 special attention had 
been paid to the hypotheses on 1\l: conversion on a neutron both at 
rest and Fermi-moving one. The hypothesis on 1\l: conversion on a neut­
ron at rest (reaction 5, Table 1) fails to fit the event. The fit proceeded 

in two steps. In the first one the hypothesis on I\ + n ... p + ~- con-

version fa ils to fit the event with iO V-3C) = 400.00, demonstrating 

thereby that the yO observed is not created in the above binary reaction 
and particularly that the neutral particle is not a A-hyperon. The second 

step hypothesis on a weak decay ~- ... n + :rc - fits well the event with 

iO V-I C)= 0.76, C.L. = 38.3% proving threby that the negative 

kinked track of the yO is due to the weak decay of a ~ --hyperon . 
The total hypothesis on the sequence of I\+ n ... p + ~- conversion 

and ~- -:. n + :rc- weak decay fails to fit the event observed with 

i(2V-'4C) = 401.46, and have to be rejected. Again, as in [2) the 
(2 V-3C) kinematical fits of the hypotheses on 1\l: conversion taking 
place on a Fermi-moving neutron of a momentum both parallel and 
antiparallel to the incident I\ momentum vector, proved to be un­
successful. 

We have considered also the same reaction, induced by a A, emitted 
this time from an unknown interaction vertex. Then the A-momentum 
three-vector is an unmeasurable parameter. Therefore both in the first 
and in the second steps one has (I V-1 C) -fits. Again as in [2) the full 

two-step fit has failed with i(2V-2C) = 101.1 though the second step 

fit of the hypothesis on weak decay ~- ... n + :rc- once more was suc­

cessful with iO V-IC)= 1.6·10-3 C.L. = 96.8%, thereby again con­

firming tha t the the kinked track of the yO observed belongs to a ~-­
hyperon. 

Thus the above analysis demonstrates that 1\l: conversion of a A, 
emitted both from the interaction vertex and from an unknown one on 
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a neutron, both Fermi-moving and at rest, fails to imitate the event 

observed. Six reactions A + n-+ p + l:- + n° with n° and n momenta 
parallel or antiparallel to the A momentum, or n at rest, failed to fit 
the event also. 

Again, as in [2), within the frame of the OBE model, it has been 

demonstrated that the yield of imitating «yO -particles>>, which could 
arise in sequences of reactions and weak decays, n + n -+ 

-+ p + l:- + xO + mn° m = 0, 1, 2, ... , l:--+ n + n- induced by a fast 
neutron, born in a primary proton- or secondary hadron- 12C or 1H 

nuclei interactions is 8 ·10-7 on 100 K photographs. Therefore this 
possibility of imitating the event observed also should be rejected. 

Of the exotic weak decay sequences (i) H-+ p + l:-, l: - -+ n + n­

(ii) A 0 -+ p + :::-, :::- -+ A + n-, only the first one fits successfully 

our event with l(2V-3C) = 3.05, C.L. = 38.42% and Mil= 

= (2385.8 ± 31.0) MeV/c2 (averaged over six measurements with s.d. 
of 31.0 MeV /c2). 

Thus, we have proved that the observed vO-particle is due to 
the weak decay of a heavy stable S = -2 dibaryon H ..... p + l:-, 

l:- -+ n + n-. Its mass, within the limits of errors coincides with the 
mass of the first one, observed earlier, (2408.9 ± 11.2) MeV /c2, [2 ]. 

Then a full exclusive multivertex kinematical analysis became of a 
special importance. The hypotheses on reactions of the beam protons 
with proton targets 

- + +- + + 0 + . ..() + p + p-+ H + K 1 + K 2 , H + K 1 + K 2 +n , H + K 1 +A - + n , 

each channel followed by weak decay sequences H -+ p + l:-, 

l:- -+ n + n - , K7 -+ p. + + v were tried. The corresponding (4 V-8C) -, 

and (4 V-5C)-fits proved to be unsuccessful. This negative result forced 
us to profit by our idea already successfully used in the analysis of the 
H(2175)-event [3,4 ]. It seems quite natural that the most favourable 
kinematical conditions for the formation of the stable S = - 2 dibaryons 
by nonstrange projectiles arise in their collisions with dibaryonic targets. 
As real sources of such dibaryonic intranuclear fluctuons, D, light nuclei, 
the 12C nucleus including, can serve. As far as the masses of such 
hypothetical dibaryonic fluctuons, excepting the deuteron, are unknown, 
one more unmeasured parameter, the fluctuon mass MD' was intro-

~uced. Then one has twelve unmeasurable parameters: the mass of the 
H, the modulus of its momentum, nine momentum components of the 
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Table 2. The results of the successful (4V-4C) kinematical fits . 

The x\4V-4C) and MH were averaged over six measurements. 

As the errors of the MH (MeV/c2
), the s.d. are cited. C.L. in %. 

MH and MD- in MeV/c2 

The sucessfully fitted reactions i(4V-4C) C.L. MH 

p+D-+H+ (:+) +K+(~) 4.52 34.0 2384.9 ± 31.0 

1-+p + :E- L,u++v 6.97 13.8 23749 ± 29.6 

1-+II+Jt-

MD 

1700+ 176 
- 76 

three neutrals and the target-fluctuon mass MD (Table 2). Of sixteen 

constraint equations only four are inpendent. Therefore (4 V-4C) exclu­
sive kinema tical fits of only two hypothetical channels were performed. 
The not detected kaon of (930.1 ± 121.1) MeV /c momentum should be 

assumed to be either long-living k~ or short-living component suffering 

K; -n° + n° decay. It is worth to mention that the efficiency of the 

simultaneous detection of four e + e- pairs in our bubble chamber is 

3.9·10-3. 

As it follows from Table 2, both channels fit our event, though the 
C.L. of the first channel 2.4 times exceeds that of the second one, and 
therefore· is more preferable. 

Rather large errors of the best-fit target mass MD (Table 2) do not 

permit us to exclude a deuteron-mass Md fluctuon target which could 

exist within the nucleus before the moment of the collision. Never­
theless, one has MD - M d < 0. 

An analysis of the same kind, performed for the event H(2175) [4 I 
with (2V-2C)-fit led to Mv=0250 ~~~) MeV/c2

, M11 =<2172.7± 

± 15.2) MeV /c, i.e., again one has MD- Md < 0. Let us note, that in 

both cases the multiplicities of the charged secondaries are the lowest 
ones for the total electric charges of the events Q = 2 and in both of 
them there is no seen fragmentation of the 12c nucleus. 

As we believe these facts indicate that the above low mass superdense 
dibaryonic targets of Q = 1 electric charge and Y = 2 hypercharge were 
formed dynamically within the 12C nucleus in the moment of the 
collision. And in both events the nucleus leave not the Y = 2 dibaryons 
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Table 3. The best-fit parameters , averaged over six measurements 

(s .d. are cited as errors) obtained in (4V- 4C)-fit of the p + D-+ H + K+ + K+ + n, 
stop 

H-+ p + ~ - , ~- -+ 11 + 1t-, K+ ... ,, + + v channel to the event observed, 

M 
0 

= (1700~~~6) MeV / c2
, Mii = (2384.9 ± 31.0) MeV /c2 

p ( MeV/c) tg a {J (rad) 

pill 9497.6 ± 396.3 0.00603 ± 0 .00102 1.60933 ± 0.00056 

K+ 4739.5 ± 410.4 0.02508 ± 0.00306 1.62039 ± 0.00144 

K+ 136.4 ± 3.7 -{).20090 ± 0.09871 3.38749 ± 0 .01 790 
stop 

+ 242.9 ± 2.9 0.30689 ± 0.01586 4.62467 ± 0 .00904 I' 

I ' 247 .2 ± 2.9 -{).43238 ± 0.05979 2.07284 ± 0.01 9178 

l l 2326.5 ± 220.6 0.08575 ± 0.01783 1.66042 ± 0.01 101 

H 2501.7 ± 137.4 -{).09258 ± 0.01081 1.48843 ± 0.00275 

p 484.5 ± 9.9 -{).11483 ± 0.04517 1.02283 ± 0.0 1970 

r- 2080.2 ± 137.1 -{).08491 ± 0.01179 1.59296 ± 0.00338 

II 1881.4 ± 147.1 -{).16490 ± 0.01480 1.63075 ± 0.00811 

]{ 262.3 ± 17.1 0 .56448 ± 0 .01588 1.28461 ± 0.00665 

formed, but the H- and 1/-dibaryons of hypercharge Y = 0. These facts 
satisfy well the empirical hypercharge selection rule: «The hypercharge 
of free hadrons (multiquark and multibaryon ones includi g) cannot 
exceed unity: Y < h> (see ( 4 ) and our earlier articles cited therein). 

The analysis performed suggests that in p12C collisions at lO GeV /c 
resulting in both light (of masses less than two lambda masses) and 
heavy (of masses close to two sigma hyperon masses) stable dibaryons, 
nonstrange QGP dynamically is formed which immediately suffers a 
phase transiton into a stable dibaryon and two kaons of positive stran­
geness an~ all the three hadrons of hypercharges 0 and 1 leave the 
nucleus. Thus the stable dibaryons serve as a signature of the QGP 
formation in a nucleus. This analysis in full scale is feasible only for 
the events of the simplest topology, i.e. events not obscured by cascade 
or fragmentation processes. 

The best-fit parameters for the first of the channels (Table 2) in 

Table 3 are presented. For the ~--momentum treated as an unmea­
surable parameter the (4 V-3C)-fit led to the best-fit parameters which 
coincide with those of Table 3 within the limits of errors. 
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The time of flight of this heavy stable dibaryon is 2.18·10- 10 s. Thus 
we have observed a second event of the formation and the weak decay 
of the heavy stable dibaryon 11 (S = -2), the mass of which 
(2384.9 ± 31.0) MeV /c2 within the limits of the errors coincides with 
the mass of the first one, (2408.9 ± 11.2) MeV /c2 [2 ]. 

The effective cross section of the 11 production in p 12C interactions 
at the 10 GeV/c momentum was estimated as (200 ± 180) nb, using 
these two events and the number of photographs, scanned up to the 
present. 

The masses of these two events are very close to the lowest state 
I= 1, fn: = 0+, {j} = {10•} mass of z 2370 MeV/c2 predicted within 
the frames of the Callan-Klebanov-Kunz-Mulders soliton Skyrme-like 
model [5 ]. 

Fortunately the bubble chamber technique makes it possible to search 
for all the three charge components simultaneously via weak decay 
modes: if+ -+ p + A or p + A + n + + n- etc., A -+ p + n-; 

H-+p+}:.-, }:.--+n+n-; H--+p+A+n-, etc., A-+p+n-. 

The search for these hadrons is in progress. 
We succeeded in observing a weak decay of the positively charged 

heavy dibaryon into a proton, lambda and neutral pion, the mass of 
which is in fair agreement with the masses of the above considered 
neutral dibaryons. The details in a forthcoming paper will be given. 
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HCKA)f(EHJ.UI COEKTPOB KYMY JJSITHBHbiX ME30HOB 
BTOPW·IHbiMH B3AHMO,ll.EACTBHSIMH 8 Sl,ll.PAX 

JI.C.3oJJHH, B.<t>.OepcceAOB 

nony4ellbl KOnH•teCTBeHHbte OL~eHKH HCKalKeHHH cneKTpoB KYMYniiTH8HbiX 
mtOHOB H KaOH08 8 pe3ynbT8Te nepepacCe!IHHH Ha 8HYTPHII,llepHbiX HYIUIOHaX . 
PaC4CTbl 8blllOnHeHbl MCTOJIOM MOHTe-Kapno Ha OCH08e MO,llenH BHyTpHII,llep-
1101'0 KaCKa,lla . npH 38,llaHHH Ha48nbHbiX ycn08HH HCI10nb30B8H8 <j>.nyKTOilHall 
MOAenh reuepaL~HH KyMymnHBHbtx •mcTHLJ.. Pa3nH4He ua6ntOAaeMbtX 11 «Hc­
XOJIHbtx,. ClleKTpoB 803p8CT8eT C pocTOM aTOMIIOI'O HOMepa 11,11pa, 4TO CHnbHO 
oTpalKaeTCII ua A-388HCHMOCTH BbtXOAa KYMYniiTH8HbtX 4aCTHLJ.. Y4eT B38HMO­
AeHCTBHII B KOite•tHOM COCTOIIIIHH B8lKell TaKlKe npH paCCMOTpeHHH OTHOWeiiHH 
BbiXO,lla 4aCTHL~ pa3nH4HOI'O copTa . .ll,n!l x+ I x- -OTHOWeHHSI 3<1><t>eKT K ppeK­
U.HH MOlKeT J10CTHI'8Th Q>aKTOpa 3. 

Pa6oT8 8btnonueua 8 Jia6opaTOPHH BbtCOKHx JHeprnH OIUUI. 

Distortion of the Spectra of Cumulative Mesons 
by Multiscattering in Nuclei 

L.S.Zolin, V.F.Peresedov 

Quantitative estimates or the spectra distortions or cumulative pions and kaons 
by multiscattering in nuclei are obtained. The calculations were made by using 
Monte Carlo simulation on the basis or the intranuclear cascade model. The 
nuctuon model or cumulative particle generation was used to give initial 

conditions. The difference between the initial and observed (distor ted by 
multiscattering in nuclei) spectra increases with increasing nuclear number and 
leads to significant cumulative particle A-dependence corrections. Taking into 
account final state interactions is also important when the ratios of particles of 
different types are considered. The x+ I x- - ratio corrections can reach a factor 

or about3. 
The investigation has been performed at the Laboratory of High E nergies, 

JINR. 

HcKa)l(euuc ua6JJIOAaCMbiX xapaKTepncTHK peaKU,HH s peJyJJbTaTe BTo­

pH'IHbiX B3aHMOAeHCTBHH B RApax RBJJReTCSI npeAMeTOM OOCTORHHOfO BHH­

MaHHR npH aHaJ1H3e H HHTepnpeTaU,HH pe3yJJbTaTOB 3KCnepHMeHTOB C 

!IAPaMH. Opu ncCJJeAOBaHHH RbiXOAa qacTnu,-npoAyKTOB S~Aepuoif peaKU,HH 
y'IeT HX B3aHMOAeitcTBHSI R KOHe4HOM COCTOSIHHH (8KC) Ba)l(eH Aa)l(e Ha 

.rtCr4aHlllCM SJAPC- AeHTpouc. 3To noATBCp)I(AalOT, uanpnMep, pe3yJJbTaTbl 

H3Mcpeul-tR noJJstpn3aU,HOHHbiX xapaKTepHCTHK peaKU,HH cTpnnnuura AeifT­

poua II ). To4HbiH KOJJH'ICCTBCHHbiH y4cT BKC JaTPYAHeu, OAHO H3 ocuos-
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HbiX npen .SITCTIUfH - OTCYTCTBHe 3HaHH.SI peaJibHOro MeXaHH3Ma npou;ecca 

<l>opMHpoBaHH.SI a~poHOB H, B 4aCTHOCTH, TaKOro, HeOOXO~HMOro ~.SI paC4e­

TOB napa MeTpa, KaK ~JIHHa <l>oPMHpoBaHH.SI If KBapKOBble u napTOHHble 

Mo~eJin J\aiOT JIHIDb rpy6ble KOJIH4eCTBeHHble ou:cnKH :non BeJIH4HHbl. Kon­

u:enu:niO ~JIHHbl <l>opMHpoBaHH.SI CJieJ\yeT 3~eCb KpaTKO o6cy~HTb, DOCKOJibKY 

y4eT B K C HHOrAa urnopHpyeTCSl 6e3 o6ocnoBaHH.SI KOJIH4eCTBennoro KpH­

Tepu.SI. 

CTpyKTYPHble H3MeneHH.SI KBaHTOBOH 4aCTHU:bl B npou:ecce B3aHMOAeii­

CTBH.SI H n po6JieMa <<DOJIYfOJibiX» 4aCTHU: 6biJIH paCCMOTpeHbl <l>eun6eproM 

C D03HU:HH KBaHTOBOH TeOpHH DOJI.SI B 0030pe (2 ). 0TMe4eHO, 4TO BpeMSl 

perenepa u;uu nopMaJibHOH CTPYKTYPbl aApoHa, T , ne MO)I(eT 6b1Tb MeHb-
r 

IDe BpeMeHH pacnpocTpaHeHH.SI CHrHaJia B npeAeJiaX HOpMaJibHOro o61.eMa 

4aCTHI.J:bl . 8 CHCTeMe DOKO.SI a~poHa T > m- I, B Jia6opaTOpHOH CHCTeMe 
r 1r 

BpeM.SI p e renepau:nn peJistTHBHCTCKH JaTstrnBaeTCSI, T > m- 1 ELl m. B r ][ 
' 4aCTHOCTH , AJISI nyKJiona MO)I(HO C4HTaTh 

r': ~ (l/meff) (E/mN) "'"y/(2- 3)m][. (1) 

HarJI.SI~Ha.SI KapTnna nepepaccestHHSI BTOpH4HbiX 4aCTHU: B st~pax 6b1Jla 

npe~JIO)I(eHa KaH4eJIJIH (3 I na ocnoBe napTonnou MOAeJiu: BTOPH4Hble 

a~poHbl c ::meprueu E HMeiOT AJIHHbl <l>oPMHpoBaHHSI 

I :::::: £/u2 f ro• 
(2) 

2 2 0 5 · r 82 u u 
r~e /Ao = m = , 3 - cpe~HHH KBa~paT nonepe4HOH MaCChi KOH-

CTHTyeHT HbiX 4acTuu;-napTOHOB. Ha paccTO.SIHHstx MeHhiDe 11 B3anMo~eu­

cTBHe OTCYTCTByeT, na paccTOSIHH.SIX OOJibiDe 1
1 
~BH)I(eHHe BTOpH4HbiX 4a­

CTHU: MO)I(HO C'!HTaTb KJiaCCH4eCKHM, T.e. npH paC4eTe BTOpH4HbiX 

B3aHMo~eHCTBHH c nyKJioHaMH ~pa npuMeHHMO BepostTHOCTHOe paccMoT­

penue, OCHOBaHHOe Ha hN-Ce4eHHSIX. 

B pa6oTax (4,5 1 noKa3ano, 4TO 3KcnepuMeHTaJibHble ~aHHble no HH­

KJII03HBHbiM cneKTpaM 4aCTHU: c 6oJibiDHMH Pr u noJIHbiM MHO)I(eCTBeH-

HOCTSIM po~eHHbiX 4aCTHU: XOpolllO COrJiaCyiOTCSI C npe~CKa3aHHSIMH 

~Byx<Pa3nou MOAeJIH renepau:uu 4aCTHU: so BHYTPH~epnblx KacKa~ax, 

npeADOJia raiOlll,eH HaJIH4He napTOHHOH <l>a3bl, CJiaOO B3aHMOAeHCTByJO­

lll,eH C ~epHOH MaTepHeH B Te4eHHe BpeMeHH, nponOpi.J:HOHaJibHO['() HM­

DYJibCY n apTona 

2 
t:::::: p/ m J... (3) 

CpaBnenu e c 3KcnepuMeHTOM AaeT ou:enKy KBMpaTa nonepe4HOH Macchi: 
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2 2 2 m .L =(I - ) mN, (4) 

lJTO COOTBCTCTBYCT npoLIOJibHbiM paCCTOSIHHSIM 

If= (0, I - 0,2) p (cPM) (5) 

B MOLICJISIX U.BCTOBbiX CTpyu [6,7 I LIJIHHa cPoPMHpoBaHHSI onpeLieJJSI­

eTcSI auanoru•mo (2) c 3aMCHOH Maccosoro napaMeTpa ua napaMeTp ua-

TSI)KCHHSI U.BCTOBOH CTPYHbl m: = 21.:, r.z:~e to::::::: I r3B/$M. 0 TJIH4HC OT 

napTOHHbiX MOLieJJCH npCL\CKa3b1BaCTCSI LIJISI JIHLIHPYIO~HX a.z:~poHOB 

(xf> 0,5) , LIJISI KOTOpbiX 

(6) 

TaKHM o6pa3oM, KsapK-napTOHHble MOLieJJH .z:~a10T ou.euKy LIJIHHbl ¢'op­

MHposaHHSI a.z:~poua C HMnyJibCOM p, 6JIH3KYIO K (5) . JTa OU,CHKa MO)KCT 

6b1Tb CnpaBCLIJIHBa npH LIOCTaTOlJHO BbiCOKHX 3HCprHSIX, KOrLia OOCCnC'IC­

Ha CnpaBCLIJIHBOCTb npHMCHCHHSI napTOHHbiX MOLieJJCH. 

0TCYTCTBHC Ha.z:IC)KHbiX TCOpCTHlJCCKHX OCHOBaHHH LIJISI Onp CL\eJJCHHR 

BpCMCHH cPoPMHpoBaHHSI lJaCTHU. 3aCTaBJIRCT OTLI(\BaTb npCL\fl04TCHHC 

3KcnepHMCHTaJibHOH ou.euKe 3TOH BeJJHlJHHbl. Ha ocuosauuu a u ann3a pe-

3YJibTaTOB corJiacosaHHSI pac'ICTOB no MOLieJJH BHYTPHSIL\epuoro KaCKa.z:~a 

H OnbiTHbiX LlaHHbiX no pA- H AA-peaKU.HRM npH E ~ 200 r 3 B aBTOpbl 

[8 I npuwJIH K BbiBOLIY, 'ITO CJJCLIYCT BbiLieJJRTb JIHLIHPYIO~He a.z:~poubl, 
::xt>Q>CKTHBHOC BpCMSI cPoPMHpoBaHHSI KOTOpbiX 6JIH3KO K HYJIIO B COOT­

BCTCTBHH C flPCLiflOJIO)KCHHSIMH CTpyHHbiX MOLieJJCH. li.JIHHa cPoPMHpoBa­

HHSI 4acTuu,, po)K.z:leHHbiX s u.euTpaJJbHOH o6JiaCTH 6blcTpoT, LIJIR KOTOpblx 

BpCMR cPoPMHpoBaHHSI B CHCTCMC flOKOSI - r1 :::: I cPM/C, C001BCTCTBYCT 

ff=T,V=p/m2. (7) 

B uacTOSI~eu pa6oTe Mbl LICJiaeM nonbiTKY, onupaSICb ua MOLieJJH BHyT­

pHSILICPHbiX KacKaLIOB , ou.eHHTb HCKa)KCHHSI, BHOCHMble BKC B cneKTpbl 

KYMYJISITHBHbiX nuouos u Kaouos, ucnycKaCMbiX no.z:~ yrJiaMH, 6JIH3KHMH 

K I80°. CooTBCTCTBYIO~He 3KcnepHMCHTaJibHble .z:~auuble no HM n yJibCHbiM 

pacnpCLICJICHHRM orpaHH'ICHbl csepxy 3H34CHHRMH p :::::: I r3B/ c 

[9, I 0, II ). ECJJH nOJib30BaTbCSI ou.euKaMH <2-7), To LIJIHH Y cPoPMH­

posaHHSI MO)KHO Bb16HpaTb B npe.z:~enax OT fjJC, K) = 0, Ip (cPM) LIO 

fj.n) = 7p (cPM) H fj.K) = 2p (cPM). 8 npoBCLICHHbiX paC'ICTa X Mbl HC-

00Jib30B3JIH LIBa 3Ha4CHHSI LIJIHHbl cPoPMHp<>BaHHSI, 6JIH3KHC K 3THM KpaH­

HHM Oll,CHKaM: 

(8) 
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BuuMauu e K r.pou.eccaM KYMYJJRTH8Horo po)I(ACHHR aApoH08 npu 3Hcp­

rHRX E0 > I f3B o6yCJJo8neuo TCM, 4TO, uaquua11 c E0 "" 3-5 f3B 8 

(y ,:n ,p )A-83a HMOAeiicT8H51X, HH8apH3HTHbiC AH<P¢lepCHU.HaJJbHbiC CC4CHH51 

o6pa3o8aHH 51 KYMYJJRTH8Hblx 4aCTHU. 

a . = Eda/d3p = C exp(-x /x0) 
1/ZV C 

(9) 

Ha4HHaJOT ACMOHCTpHpo8aTh yuu8epcaJJhHOCTb no8CACHHII . Ha6JJJOAaeTCII 

MacwTa6uo- HH8apuaHTHOe no8CACHHC no KYMYJJIITH8HOH nepeMCHHOH 

XC · (npH 3 HCprH51X E0 >> mN Xc"" a::::: x 8 , rJlC a H x 8 - COOT8CTCT-

8CHHO nepCMCHHbiC C8CT080f'O 4>poHT3 H fibCpKCHa) H CJJa6a11 3a8HCH­

MOCTb oT n ma cuapMa H ero 3HeprHH E0: x0 ""const (xc' A, E0). A-3a-

8HCHMOCTb 6JJH3Ka K o6heMHOH (a . - A
1
). 3To A3JIO ocuosauHe 

1/lV 

npeAnonara Tb, 4TO po)I(ACHHe KYMYJJ51TH8Hb1X 43CTHU. npoHCXOAHT B pc-

3YJJbTaTe JJOKaJJbHbiX 833HMOACHCT8HH 4aCTHU.-CHap51]lOB (HJJH HX KOH­

CTHTYCHTOB) c <t>nyKTyaU.HRMH 51JlCPHOH nJJOTHOCTH - <t>nyKTOHaMH. Be­

po51THOCTb o6pa30BaHH51 <t>JJYKTOHOB, KOTOpbiC MOryT peaJJH308aTbC51 K3K 

MHOf'OK8apK08biC KOHt1>HrypaU.HH HJIH KOpoTKOJlCHCTBYIOll\HC MaJJOHyK­

JJOHHbiC Kop pC1151U.HH, onpe]lCJJ51CTC51 nJJOTHOCTbJO pacnpe]lCJICHH51 uyKJJo­

H08 8 51]lpax . UoporoBbiH xapaKTCp 8b1XO]la Ha MaCWTa6HO-HH8apHaHTHOC 

n08CACHHC CB513b18aCTC51 C npoXO)I(]lCHHCM rpaHHU.bl KOH<t>aHHMCHTa AJJII 

suyTpHRACPHbiX KsapKOB - BKJJJ04CHHe KsapKOBbiX cTeneuen cso6o]lbl 

( I2 ). 3ua 4HMOCTb OTKpb18aJOmencR 31lCCb B03MO)I(HOCTH H3Y4CHH51 

K8apK-naPTOHHOH crpyKTypuon <PYHKU.HH R]lep npu xc > I o6yCJJasnusaeT 

aKTyaJJbHOCTb BOnpoca 0 TOM, HaCKOJJbKO OTMC4CHHbiC 3aKOHOMCpHOCTH 

T04Hbl H Ka K08a CKOpDCTb BbiXO]la Ha aCHMOTOTH'lCCKHH pC)I(HM C pDCTOM 

E0? Jl,a8uo oTMe'laeTCR TaK)I(C ueo6xo]lHMOCTb ou.euHTb, uacKOJJbKO ua-

6JJJO]laCMble cneKTpbi KYMYJJRTH8HbiX 'laCTHU. HCKa)I(CHbl Hx 8TOpH4HbiMH 

83aHMOACHCT8H51MH 8 Mpax (KaKos BKC-3Qxt>eKT?). 

113MepeHH51 HHKJIJ03H8HbiX cneKTpo8 KYMYJJRTHBHblx MC30H08, sblnon­

HeH.Hble s n OCJIC]lHHe f'OJlbl 8 o6nacTH 3HeprHH 9-65 f3B (13,14 ), no­

Ka3aJJH, 'ITO OTMC'lCHHbiC 3aKOHOMCpHOCTH 8biOOJJH5110TC51 8 3TOH OOJJaCTH 

3HeprHH JJUWb npH6JJH)I(CHHO: 

l) ainv(E0) Y8CJIH4H8aJOTC51 ua 15-30%; 

2) MaCW Ta6Ha51 HH8apHaHTHOCTb nO XC ]l1151 ainv = C exp (X/ x0) Bbi­

OOJIH51CTC51 c TO'lHOCTbJO 10%: x0 yMeubwaeTcR c pocToM E 0 u pacTeT c 

Y8CJJH4CHHCM A; 

3) A"'- no8e]lenue o6uapy)I(H8aeT 3Ha4HTCJibHYJO KoppC11RU.HJO c xc: 

m ::::: 1 npH X = 1 H m ::::: 1,3-1,4 npH X = 2. c c 
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J.icKa)l(eHHR, BHOCHMble BKC, MOryT npeoblwaTb 3TH OTK.IlOHeHHR OT 

<<SI)l.epuoro cKeH.nuura». 

Pac~eTbl npoxo)l(~eHHR KYMYRRTHBHbiX nuouos u Kaouos B Sl)l.epuou 

cpe~e BblllORHeHbl HaMH Ha OCHOBe CTa~apTHOH KaCKa~HOH MO~MH. Me­

TO~HKa pac~eTa R~epHO['() KaCKa~a no~po6HO H~RO)I(eHa B MOHOrpa!J>HH 

[15 ). 

8 Ka~eCTBe MO~MH R~pa HCll0Rb30BaHa MO~Mb Bblpo~eHHOro !J>ep­

MH-ra3a. Pa~uanbHaR nnoTHOCTb pacnpe~eneHHR uyKnouos B Sl)l.pe 3a~a­

oanacb pacnpe~eneuueM By~a - CaKcoua (c- u z-napaMeTpbl B3RTbl H3 

[ 16 J) 

p(r) =p(0)/(1 + exp((r- c)/z)). (10) 

Opu pac~eTax R~po pa36uoanocb ua uecKORbKO c!J>epu~eCKHX 30if, suyT­

pH KOTOpbiX R~epHaR llROTHOCTb p npHHHMMaCb llOCTORHHOl i H Onpe~e­

RS!naCb B COOTBeTCTBHH C (1 0). 8 Ka)I(~OH H3 c!J>epH'IeCKHX 30 H HMllY Rb­

CHOe pacnpe~eneuue 6panocb o ou~e 

(11) 

r~e p1 - HMnynbc <I>epMH, COOTBeTCTBYJO~HH Sl)l.epuou nnoTHOCTH p. 

OrpaHH~eHHR Ha B3aHMO~eHCTBHR, HanaraeMble npHHI.I,HllOM naynH, 

Y'IHTbiBMHCb nyTeM 3anpeTa aKTOB pacceRHHR, B KOTOpbiX HMnynbC HyK­

ROHa OT~a~H 6hln MeHbWe rpaHH~HOf'O 3Ha'leHHR HMllYRbCa <l>epMH: 

(12) 

0TRH'IHe OT CTa~apTHOH 3~a~H R~epuOro KaCK~HpoBaHHR B uaweM 

cny~ae COCTORRO B TOM, 'ITO: 

I) npocne)I(HBanacb TOnbKO oeTBb KacKa~a, CBR3auuaSI c cy~b6on Me-

30Ha ~auuoro THna; 

2) HCXO~Hble HMllYRbCbl H yrnbl BblneTa Me30HOB 6panHC B COOTBeT­

CTBHH C H3BeCTHbiMH ~BOHHbiMH ~H~epeHI.I,HMbHbiMH Ce'leHHRMH 

da/ d3pdQ = f(T 0) 
KHH., 

(13) 

~nSI HHK.Ili03HBHbiX peaKI.I,HH p +A- n(K±) +X [17 ). 
B cooToeTCTBHH co cneKTaropuou MO~MbJO po~eHHR KYMYRRTHBHhlx 

Me30HOB r 18 I po3b1rpb1W KOOp~HHaT HX po~eHHSI ocyll.l,eCTBRMCR B co­

OTBeTCTBHH C pa~HMbHOH llnOTHOCTblO pacnpe~MeHHSI !J>ny KTOHOB, MO­

~MbHbiH pac~eT KOTOpoH (MSI cny~aSI 6q-!J>nyKTOHOB) BblllORHeH B ( }9 ). 

HH)I(e Mbl npuso~HM pe3ynbTaTbl pacqeros ~nR peaKI.I,H 

p +A- c(l60") +X, (14) 

63 



rAe 43CTHU,a «C» - 3apsuKeHHhiH nnoH HJIH KaOH. ATOMHhiH HOMep A 
MHllleHH sap &uposancSI OT 12 AO 184 (C, A1, Mo, W). Y4HThiBaJtHCb 

npou,eCChl y n pyroro H Heynpyroro B33HMO)J.eHCTBHSI 43CTHU,bl «C» B SI)J.pe, 

a T3KX<e B3a HMO)J.eHCTBHSI C nepe3apSI)J.KOH. 3Ha4eHHSI IIOJlHhiX - a
1 

. H or 
napu,HaJtbHhiX ce4eHHH - a.(a 1, a. , a ) JJ.JISI nN- H KN-B3aHMOJJ.eiicT­

'e mex 
BHH B3SITbl H3 KOMIIHJlSIU,HH (20 ). 0THOCHTeJibHhle BepoSITHOCTH W. )J.JlSI 

I 

KaX<)J.OrQ H3 npou,eCCOB pa3hlrphiB3JlHCb B COOTBeTCTBHH C ai: 

wi = aJatof (15) 

AnnpoKCHM3 U,HSI yrJIOBhiX pacnpe)J.eJieHHH AJISI nN-pacceSIHHSI 33HMCTBO­

BaHa H3 [ 15), JJ.JISI KN-B3aHMOJJ.eHCTBHH yrnoshle pacnpe)J.eJieHHSI .li.O HM­

. nyJI&COB p = 1,5 f3B/ C annpoKCHMHpoBaJtHCb IIOJ1HHOM3MH JleX<aH)J.pa. 

Tipou.eJJ.y pa ou,eHKH HCKaX<eHHH cneKTpoB 3a C4eT BKC 6hlna CJie.D.y­

IOlll,eii. B cooTBeTCTBHH c 3aBHCHMOCT&IO (13) B HHTepsane HMnyn&cos 

300+1200 M 3B/c no)]. yrnaMH 0 :s () :s n H 0 :s cp :s 2n reHepnposanoc& 

rrpnMepHo 10
7 

4aCTHU. JJ.aHHOro Tnna. HepaccestHHhle («npSIMble»), a TaK­

)I(e nepepaccestBlllHecSI H nonaslllne B HHTepsan nonSipHoro yrna 

(} = 150"+170 " 4aCTHU.hl 3anoJIHSIJIH <<perncrpupyeMhiH>> cneKTp. CpaBHH­

BaSI HCXO)J.HhiH, reHepupyeMhiH B HHTepBaJt 150"+170" IIOTOK 43CTHU, 

(N
0

) H perHCTpnpyeMhiH cneKTp (N
1
), MQ)I(HO IIOJIY4HTb KOJIH4eCTBeHHYIO 

OU,eHKY HCKa )l(eHHSI aOCOJliOTHOro BhiXO)J.a 4aCTHU, H ¢opMb1 HMIIYJibCHOro 

CrrpeKTpa. B Ka4eCTBe Mephl HCKaX<eHHSI MOX<HO HCIIOJib30B3Tb OTHOllle-

HHe 

D=N/N0. (16) 

N(9),% 
100~-----------, 

Ha puc.l noKa3aH BKJia.D. pa3-

JIH4HhiX yrJIOB reHepaU,HH 4aC­

THU, B peruCTpHpyeMhiH CneKTp. 

Ko~uu,HeHThl HCKaX<eHHH 

D )J.JISI n--, K+ -, K- -Me30HOB H 

SIJJ.ep C, Al, Mo, W npH If= 0, 

If= 5p noKa3aHhl Ha puc.2. LI,JISI 

BCeX 43CTHU, HMeeT MeCTO 3Ha-

4HTeJibHOe pa3JIH4He B ReJIH4H­

H3X HCK3)1(eHHH )J.JISI JierKHX H 

0.1 l I 1 1 ,. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 8 PHc.l. BKJia.ll pa3JIH'!HbiX nonSipHbiX yr-

0 ROB reHepai.IHH K- -MC30HOB B perHCTpH-

180 pyeMbiH cneKTp JIRH 11 = 0 00 60° 120° 
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P11c.2. Ko:Kj>Q>HU.HCIITbl HCKaJKeHHH MC30HHbiX cneKTpoa D .!\Jill 11,1\ep C, AI, M o, W: a, B, 

11 - n-, K-, K+, 11 = 0; 6, r, e - :TC-, K-, K+, 11 = Sp. 

TSI;)I(eJihlx Mep (AJIR nuouoB D I D e; 3). B CJiy'Iae 1
1 
= 0 AJIR :rc u K+ c w 

AJISI BCeX SIAep K03Qxl>HU.HeHT D MOHOTOHHO y6hiBaeT C J>OCTOM HMDYJibCa, 
'ITO CBSI3aHO C nepeKa'IKOH 'IaCTHU. H3 ;)l(eCTKOH 'IaCTH cneKTpa B MSlrKyiO 
3a C'IeT ynpymx H ueynpyrux nepepacceRHHH ua uyKJiouax Mpa. 
CooTBeTCTBeuuo TeMnepaTypa T 0 peruCTpupyeMhiX cneKTpoB 

ainv = C·exp (T/T0) Meu&we, 'IeM HCXOAHhiX. 0THOCHTeJI&uoe n 3Meueuue 

TeMnepaTyp 

oT = (T - T )IT 0 0 H36Jl. 0 HCX. 0 HCX. 
(17) 

noKa3aHO ua puc.3. 3Ha'IeHHe oTO YBeJIH'IHBaeTCSI c J>OCTOM A OT 3% 

AJIR MPa yrJiepoAa AO 10% AJIR MPa BoJI&Q>paMa. 
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I 

oToccrcil a) 6To('1'o) Z) 
0 0 

-2 J1 - 0 K+ -2 0 
-4 -4 • 0 • • • -6 -6 0 

-8 • • -8 • 
-10 -10 • 
10 

6J -n 1or q) K 8 8! 
6 6 
4 

~[ 2 
0 

0 0 0 0 

0 
0 

- I a 
K 0 

16 8) • -2 • 0 
14 0 -4l • 12 -6 .. 
10 -8~ • • 8 0 -10 • • 6 -12 
4 0 -14 
2 -16 
0 c At Mo w c Af Mo w 

tnA fnA 

PHC.3 . 0THOCHTeJibHble H3MeHeHHH TeMnepaTyp HCXO~HbiX cneKTpOB Me30HOB 
dT~ M H H~ep c', AI, Mo. w (. H 0 - CHMBOJibl MH If= 0 H If= Sp): 
a, 6 - Jl-; r - K+; B - K- npH 0,3 :S p :S 0,6 r::JB/c; ~ - K- npH 

0,6 s p s 0,9 r::JB/c 

IlocKOJihKY :n:-N- u K-N-ce'leHHSI B o6JiaCTH HMDYJihCOB, COOTBeTCT­

syJOm;ux 3Ha'leHHSIM a 9! 1-2, npeshlwaJOT K+ N-ceqeuusr 2-3 pa3a u 

B CJiy'lfae K- Ce'leHHe HMeeT SIBHO Bhlpa)KeHHbiH MHHHMYM OKOJIO 

550 M3B/ c , TO ncKa)KeHHSI cneKTpoB AJISI :n:- u K- 6oJI&we, u 3asuc­

MOCTh D(K-) OT HMDYJibCa HOCHT HeperyJISipHbiH xapaKTep (puc.2,B,r). 

D(K-) HMe eT MaKCHMYM OKOJIO p = 550 M3B/c, u COOTBeTCTBeHHO na­

paMeTp H3M eHeHHSI H3KJIOHOB CDeKTpoB c3T O pa3HOro 3H3K3 CnpaBa H CJie-

Ba OT 3TOH TO'IKH (pHC.3,A,B), 

Ilpu AJIHHe <j>opMnposaHnsr 11 = 5p ncKa)KeHHSI cneKTpoB, ecTecTBeHHO, 

MeHhWe (pHC.2), OCJia6esaeT H A3)Ke MeHSieT 3H3K (:n;-Me30Hbl) 33BHCH-
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MOCTb KO;xtxtnnJ.HeHTa HCKa::>KeHHH OT HMOYJibCa '13CTHU,. 0AH3KO AJI11 

SIACP c A 2:: I 00 BeJIH'IHHa ucKa::>~<eHHH ocraeTCSI 3Ha'IHTeJibHOJt (D 2! 0,5). 
HaM npeACTaBJI1leTcSI, 'ITO ou.euKa AJIHHbl <l>opMuposaHH11 (7 ), KOTopa11 

CJieAyeT H3 COrJiaCOB3HHSI paC'ICTOB C MHO::>KeCTBeHHbiM JlO::>KAeHHeM npH 

:meprHSIX BbiWe 2()(} f38, SIBJISieTCSI 33BbiWeHHOH npHMeHHTeJibHO K Ky­

MYJISITHBHbiM llaCTHU,aM c HMOYJibCOM < I r::~B/c. 06 3TO rosopsiT H 

pe3yJibT3Tbl auanu3a A-3aBHCHMOCTH AJist po::>KAeHHSI MJlOHOB c nonepel.I­

HbiMH HMnyn&eaMH Pr = I-4 f3B/c npu 3Hepruu 70 f3B (2I). B cny-

llae BYA-CaKcouoscKoro pacnpeAeJICHHSI RACPHOH OJIOTHOCTH AJI11 AJIHHbl 

<i>opMHpoBaHHSI OHOHOB noJiylleHa annpoKCHM3U,HSI (2I ): 

(18) 

'ITO AaeT npu p = I f3B/ c ljn) = I ,5 <f>M. Cyl.IJ.eCTseuuo, 'ITO BBeAeuue 

If 3Ha'IHTeJibHO yny1.1waeT cornacosauue ~u.euoK ,u~, Aasae biX pa3JIH'I­

HbiMH aBTOpaMH Ha OCHOB3HHH OOAOOpa If npH 3HeprH11.X HH::>Ke 20 f38. 

B uaweH pa6oTc [22) annpoKCHMau,ust A3HHbiX no A-3aBHCHMOCTH 

BbiXOAa KYMYJISITHBHblx nuouos npusena uac K ou.eu Ke ljn) = 
= (2,5 ± 0,5) <t>M co CJiaOOH 33BHCHMOCTbiO OT uM.nyJibCa OHOHOB. no3-

TOMY peaJIHCTH'IH3SI BeJIH'IHHa HCKa::>~<eHHH, 00-BHJ).HMOMY , CBSI33Ha C 

If= (I ,5-2,5) <PM u MO::>~<eT 6b1Tb nony1.1eua HHTepnOJI11U.H H 3Halleuuu 

H3 uawux pac1.1eTOB npu If= 0 H If= 5p. 

3HalleHHSI D(A, p) MOryT 6b1Tb HCOOJib30B3Hbl, 'ITOObl Ha OCHOBe Ha-

6JIJOA3eMbiX CC'IeHHH OOJIY'IHTb B nepBOM npH6JIH::>KeHHH HCXOAHble 

O'inv,Hcx . (A, P) = O'inv, H86Jt .(A, p)/ D(A, p). (19) 

J.13 H3yllaeMbiX xapaKTepucTHK KYMYJISITHBHOro po::>KAeHH}I u a u6onee 3Ha­

'IHTeJihHO KoppeKU.HSI (19) oTpa::>~<aeTC}I ua A-3aBHCHMOCTH ( puc.4). 3ua­

l.leHH}I napaMeTpa «m» npu A-annpoKCHMau,uu A-3aBHCHMOCTH npuseAe­

Hbl B Ta6JIHU,e. l13 pHC.4 H Ta6JIHU,bl BHAHO, 'ITO A-33BHCHMOCTH AJISI 

n-, K+, K- npu Bblnonueuuu KoppeKu,uu ce~.~euuu 3aMeTHO c6JIH)KaJOTC11 

(npH a = I u 11 = 0 ouu npaKTH'IeCKH cosnaAaJOT), npu 3 TOM OTJIH'IHe 

oT 3aBHCHMOCTH o<TheMuoro Tuna (m = I) so3pacTaeT. 

B paMKax <f>nyKTOHHOH MOAeJIH ua6JIJOAaeMoe noAo6He A - 3aBHCHMOCTH 

nuouos H Kaouos u BbiCOKYJO cTeneub A-3aBHCHMOCTH (m = I ,4-2) 
MO::>KHO OObSICHHTb, CCJIH npHHSITb, tiTO MC30Hbl pa3HOro KBa pKOBOro CO­

CTaBa JlO::>KA310TCSI Ha HYKJIOHHbiX 3CCOU,H3U,HIIX (<f>JIYKTOHaX) OAHOro TH­

na, BepoSI·THOCTb oopa30BaHHSI KOTOphiX OnpeAeJISieTC11. OJIOTHOCTbiO S~Aep­

HOH CPCAbl p H CHJibHO naAaCT B UOBepXHOCTHOM AH<txl>Y3HOM CJIOe 11Apa. 
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P HC.4. 3KCnepHMeHTII.IlbHble (CnJIOWHble KpHBble) H CKOppeK­

THJlOBaHHble (wTpHxooaHHble) c y4eTOM BKC A-JaBHCHMOCTH : 

a, o, J1 - Jt-, K-, K+, 11 = 0; 6, r, e - Jt-, K-, K+, 11 = Sp. 

Bep XHHe CnJJOWHble H WTpHXOBaHHble KpHBble COOTBeTCTBYIOT 

a "' I, HH}I(HHe- a"' 1,9 

YcHJieuue A - 33BHCHMOCTH c pocTOM CTcm!HH KYMYJIMTHBHOCTH (a 2: 2) 

CBSI33HO CO CTeneHHOH 33BHCHMOCTbiO OT p BepoSITHOCTH o6pa30B3HHSI TSI­

:ll<eJibiX (3N, 4.N) accou.uau.uu I 18 1. 
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Ta6JJHLla. 3ua•tCHH!I napaMeTpa m A/Ill 3KcnepHMCHT3JibHbiX 

11 CKOppeTHpoRaltltbiX c y•tCTOM BKC Am-3aBHCHMOCTCH 

AJIII Jl- - , K+- H K- -MC30HOB 

3KC11Cp~tMCIIT KoppcKUH!I, I = 0 KoppeKUHII, I= 5p 

Ill= 1,13 ± 0,01 Ill= 1,47 ± 0,01 m = I ,35 ± 0,01 

m = I ,46 ± 0,02 Ill= 1,87 ± 0,02 Ill= 1,68 ± 0,02 

Ill= 1,51 ± 0,04 Ill= 1,52 ± 0,04 Ill= 1,51 ± 0,04 

m = I ,80 ± 0,05 Ill = 2,02 ± 0,05 m = I ,94 ± 0,07 

Ill= 1,18 ± 0,02 Ill= 1,41 ± 0,05 Ill= 1,34 ± 0,05 

111 = I ,22 ± 0,03 Ill= 1,56 ± 0,10 Ill= 1,39 ± 0,10 

a= I 

a= 1,9 

a= I 

a= 1,9 

a= I 

a= 1,9 

KoppeKTHpoBKa cneKTpoB ua BKC, ecTecTseuuo, MCHSICT H ua6mo,Aa­

eMoe OTHOiliCHHC BhiXO,Aa •taCTHU, pa3HOI'O THna, ';'TO MO:lKCT 6piTb npo-

,ACMOHCTpHpoBaHO ua npHMepe OTHOiliCHHSI R BhiXOAOB K+- u K- -Me3o­

uos (pHc.S) . Ha6JIJO.AaeMoe R .AJIS! SI,Aep Be " W pasuo E!! 5, nOCJie 

KoppeKU,HH R CHH:lKaeTCSI AO E!! 2. PeaJihHOe OTHOilleuue .AJISI BhiXOAOB 

K+ " K- AOJI:lKHO 6h1Tb eme 6JIH:ll<e K CAHHHu,e, DOCKOJibKY KoppeKTH­

posKa C O,AHHM lllai'OM B HTCpaU,HOHHOM npou,ecce KOppCKU,HH ,AJISI CJiy'laSI 

50 

40 

30 

20 

10 

a~~~~~~--~--~ 
350 450 550 650 750 850 

R:M3Bic) 

K-, nO-BHAHMOMY, u e,AocTaTo•ma 

BBHAY 6oJiblliHx 3Ha4e HHH Ko3Q>­

<t>HU.HCHTa HCKa:lKeHHH . BhlnoJiue­

HHe CJICAYIOili.CI'O lllar a Tpe6yeT 

3Ha4HTCJibHOro BpCMCHH Ha 38M, 
nocK\JJihKY ueo6xo,AHMO onpe,ACJie­

HHe D(A, p, 0) npH BCCX 3Ha4CHH-

SIX nOJIS!pHhiX yrJIOB, K TOMY :lKC 

HMCIOili.HHCSI ua6op ,1.\aHHhiX no 

ainv(A, p, 0) HC SIBJISICTCSI ,AOCTa-

T04HO noJIHhiM B CJiy4 ae K-. 

PHc.5. 3KcnepHMCHTMbHbte (////) 11 

CKOppeKTHpoB8HHbiC ()(XX) C y•tCTOM 
BKC oTHoweHHst obtXOAOB K +- 11 K- -Me­
Jouou 
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3aKJIIO 'IC HH~..: 

llpoBCACHHbiC no MeTOAHKC KaCKaAHbiX MOAeJICH paC'ICTbl AJUI O~CHKH 
BJIHSIHHSI BTOpH'IHbiX B3aHMOACHCTBHH B SJApax Ha BeJIH'IHHbl HCKa;)I(CHHH 
cneKTpoB KYMYJISITHBHblx Me30HOB, ua6JIJOAaeMbiX noA ymaMH, 6JIH3KH­
MH K 180., noKa3biBaJOT CJICAYIOll\CC: 

} ) 113-3a nepepacCCSIHHSI H nOrJIOll\CHHSI nHOHOB H KaOHOB Ha HYKJIO­
HaX SJApa HX aOCOJIJOTHbiH BbiXOA B HHTCpBaJie HMnyJibCOB 0,3-1 f3B/ C 

yMeHbwaeTcSI (s CJiy'lae K- -Me30HOB B 2-5 pa3) . 

. 2) 0THOCHTeJlbHbiC HCKa;)I(CHHSI HaKJIOHOB CnCKTpoB COCTaBJISIIOT 3-
10%, npH 3TOM Ha6JIJOAaeMaSI TCMnepaTypa CnCKTpoB HH;)I(C HCXOAHOH 

(3a HCKJIJO'ICHHeM K- c p < 550 M3B/c). 
+ -3) A-3aBHCHMOCTH AJISI Me30HOB pa3JIH4HOro THna (n, K , K ) npH 

y'leTe BKC c6JIH;)I(aJOTCSI, a cTeneHh A-3aBHCHMOCTH so3pacTaeT 
(t..m :=! 0,3- 0,5). 

4) Ha6JIJOAaCMbiC OTHOWCHH.II BbiXOAa MC30HOB pa3JIH'IH0f0 THna TaK­
;)I(C uy;)I(AaJOTCSI B xoppeK~HH ua BKC, 3<jxpeKT KoppeK~HH MO;)I(eT AO­
CTHraTb <J>aKTOpa 3. 
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KpamKue coo6~nUJI OHJJ113/J4}-92 

Y,D,K.539.172.4 

Jl NR Rapid Commu11icatio11s No.3/ J4 j-92 

HABfliDAEHHEPEAKUHHPAAUAUUOHHOr03AXBATA 
HEilTPOHA HA 3K30TUqECKOM U30MEPE 178

"'2Hf 

JO.U,.Orauec11u, C.A.KapaM11H, B.M.Ha3apos, 3.lll,erJIOBCKH 

3K30TH'leCKaSI MHWeHb, CO,!IeplKaiJ.IaSI 2 ·I 01 3 11,11ep H30Mepa 
178

"'2Hf, 06Jly­

'leHa HeihpoHaMH Ha KaHane peaKTopa HliP-2 OH.siH. AKTHuau_HOHHbtM MeTO­
,!IOM C HCnOJ1b30BaHHeM pa,!IHOXHMH'IeCKOI'O Bbl,!leJleHHSI ra<jJIIHSI H y-cneKTpO­
MeTp11H c noMOIJ.IbiO Ge-,!leTeKTOpa 3a<jJHKCHpouaHa H,!lepHa!l peaKtJ.HII 
178

"'2H f(11, y)
179

"'2Hf. Onpe,!leJleHo TellJiouoe ce'leHHe 51 6apHa H pe30HaHC­
HbtH HHTerpan 800 6apH :noro npeupall.leHHSI. BnepBble MOlKHO Ha6JIIOAaTb 
BbiCOKOCnJ.IHOBble HeHTpOHHble pe30HaHCbl C I = 33/2 H 31 /2. 

Pa6oTa BblnOJlHeHa uJia6opaTOpH11 IIAepHbiX peaKLI_HH HJla6opaTOpHH HeH­
TpOHHOH <jJH3HKH OH.siH. 

Observation of Neutron Radiative Capture-Reaction 
. 178m2 on E xotic Isomer Hf 

Yu.Ts.Oganessian et al. 

The exotic target consisting of 2 · 1013 or the isomeric nuclei 
178

"'2Hr _is 

irradiated by neutrons on a channel or the JINR IBR-2 reactor. The nuclear 
reactio t 

178
"'2Hr(11, y) 179

"'2Hf has been observed by using the radiochemical 

isolation of hafnium and Ge detector y-spectrometry . Thermal cross-section of 
about 5 1 barns and resonance integral of about 800 barns were determined for 
this reaction. High-.spin neutron resonances with I= 33/2 and 31/2 can be 
revealed now. 

The investigation has been performed at the Laboratory of Nuclear Reactions 
and at the Laboratory of Neutron Physics, JINR. 

HecKOJibKO JieT ua3a~ 6blJia c<t>opMyJinposaua [ 1) 3a~al.fa uaKonJieHHSI 
. 178m2Hf u H30Mepa B MHKpoBeCOBOM KOJIH\feCTBe C U,eJibiO ~aJibHeHIUero HC-

DOJib30BaHH11 B Kal.feCTBe 3K30TH\feCKOH MHIUeHH ~JI11 H3yl.feHHSI 11~epHb1X 
peaKu,nii. A auublii H3oMep s paMKax o6oJiol.fel.fuoii MO~eJJH nuTepnpeTnpy-

eTC11 KaK \feTblpeXKBa3H\faCTH\fHaSI KOH<j>HrypaU,H11 (:rc7 /2+, :rc9/2-, v7 /2-, 

v9/2+) c KnauTOBblM l.JHCJIOM K = 16. OoJIO)Keuue 3TOro yposu11 HH)Ke 

HpaCT-JIHHHH H 3anpeT ~JISI nepexo~OB C /1K = 8 npHBO~SIT K peKOp~HO Bbl­

COKOMY 3HatleHHIO nepHO~a DOJiypacna~a, 31 ro~, l.JTO D03BOJISieT CTaBHTb 
3a~al.fy uaKonJieHH11 H30Mepuhlx Mep. BhlnoJiueubl pa6oThl [ 1-3) no sbl6o­
PY npo~yu,upyJOIIJ,eii peaKIJ,HH, onTHMH3aiJ,HH yCJIOBHH noJiyl.feHH11 H30Mepa 
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25,1 .QH. 

25/T 1,106 M 3 B 

PHc. l . CxeMa Heynpyroro pacceHHHII H pa):IHa~HOHHOro 3axnaTa TCnJioooro HC~ITpOHa H):lpOM 
H30Mepa 178m2Hf 

H pa3p300TKe MeTO.QOB XHMH'I.eCKOro Bbi.QeJieHHSI H M3CC-CenapaU,HH ra$HHSI. 
176 4 178m 4 " 

B peaKu,uu Yb( He, 2n) 2Hf ua ny'I.Ke uouos He c 3Hepm eu 36 M3B 

U.HKJIOTpoHa Y-200 a JI.y6ue uaKonJieuo 6oJiee 5 ·1014 
aTOMOB H30Mepa. 

Ceii'lac pewaJOTCSI sonpocbl o6ecne'l.eHHSI BbiCOKOH 'I.HCTOTbl npenapaToB 

1781112
Hf, npHroTOBJieHHSI TOHKHX MHWeHeH H DOCT3HOBKH 3KCn epHMeHTOB 

DO H3y'leHHJO B3aHMO.QeHCTBHSI 33pSI.)KeHHbiX 4:3CTHU, C BbiCOK OCDHHOBbiM 

H30MepoM. 

He Meuee HHTepecuo (2 I ucCJie.QosaTb B3aHMO.Qencrsue Me.QJieHHbiX 

ueiiTpouos c .QaHHbiM SI.QpoM. Oco6eHHOCTH TaKoro npou.ecca HJIJIJOCTpH­

pyJOTCSI pHC.l. flOCJie 33XB3T3 HeHTpoHa 33CeJISIIOTCSI pe30H3HCbl CO CDH­

H3MH 33/2 H 31/2 u c 3Heprueii so36y.)K.QeHHSI 8,55 M3B. 3TH pe30HaHCbl 

MOryT paCD3.Q3TbCSI B HeHTpoHHbiH K3HaJI H3 ypoBHH HH.)Ke H30Mepuoro. 

flpou,ecc «YCKOpeHHSI>> HeHTpoHOB Ha H30Mepax 
152Eu H ISO f H3Y'I.aJICSI 

pauee ( 4 ]. B .QaHHOM CJiyt~ae ue O.)KH.QaeTCSI ot~eHb BbiCOKOH s epoSITHOCTH 

HeHTpoHHOro pacna.Qa pe30H3HCOB, T.K. DO 33KOHY COXpaHeHHSI yrJIOBOro 

MOMeHTa TOJibKO op6HTaJibHble MOMeHTbl / 2:: 2 MOryT .Q3B3Tb BKJI3.Q B He-
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ynpyroe p a cceSIHHe TeDJIOBOro HeHTpoHa. npu y-pacnaAe HeHTpoHHbiX 

pe30HaHCOB B03MOX<Hbl KaCKaAbi, BeAYW.He K OCHOBHOMY COCTOSIHHIO, HO 

AOJIX<Ha 6 biTb BeJIHKa H BepoSITHOCTb 3aCeJieHHSI H30MepHOfO ypOBHSI , 

pacnoJioX<e HHOro npu F = 1, 106 M3B u HMeiOm.ero tt = 25 I 2- u 

T 112 = 25, I AH. TaKHM o6pa30M, OTKpbiTbl TPH Heynpyrue seTBH pacnaAa 

pe30HaHCOB , a B CJiy'lae JaxsaTa TenJIOBOro HeHTpoHa SIApoM 
178

gHf 

TOJibKO OAHa - y-KaCKaA K OCHOBHOMY COCTOSIHHIO 
179

gHf. BepoSITHOCTb 

178g 179m -9 
peaKu,uu Hf (n, y) 2Hf AOJIX<Ha 6hiTb nopSIAKa 10 , TaK X<e, KaK 

177g 178m 
u s H3y'leHHOM [5] CJiy'lae peaKIJ,HH Hf (n, y) 2Hf. 0TMCTHM, 4TO 

B ABYX cpa BHHBaCMbiX peaKIJ,HSIX pa3HHIJ,a CllHHOB KOHC'IHOfO H HCXOA­

HOI"O SIAep OAHHaKOBa, /1/ = 25/2, ll03TOMY OIJ,CHKa KaX<eTCSI OOocHOBaH­

HOH. 

178m 
HacT051W.HH 3KcnepuMeHT COCTOSIJI s o6Jiy'leHHH SIACP 2Hf TenJio-

BbiMH H p e 30HaHCHbiMH HCHTpoHaMH H B llOHCKe HaBeAeHHOH aKTHBHOCTH 
u 179m 

c nepHOAOvt 25,1 AH51, npuHaAJieX<am.eu H30Mepy 2Hf. XapaKTepu-

CTHKH paAHOaKTHBHbiX 51Aep MHIIIeHH H npoAyKTa npHBCACHbl B Ta6JI.l. 
179m 178m 

113oMep 2Hf, TaK X<e, KaK u 2Hf, SIBJISieTCSI K-3anpew.eHHbiM 

HJOMepoM. 3To TpexKBaJH'IaCTH'IHoe cocTOSIHHe no CTPYKType 6JIH3Ko K 
178m · 

'ICTblpCXKBa3H'IaCTH'IHOMY 2Hf, 4TO BHAHO H3 cpaBHCHH51 KOHcf>ury-

paiJ,HH. 

B Ka'leCTBe MHIIICHHOro MaTepuaJia HCllOJib30BaH paAHaKTHBHbiH racf>­

HHH, llOJiy 'leHHbiH R ACKa6pe 1990 r. npH o6Jiy'leHHH MHIIIeHH 
176Yb, 

96% o6oraw.eHHSI, HOHaMH 
4
He Ha IJ,HKJIOTpoHe Y-200 Jl.SIP Ol-HH1. na­

paMeTphl o6Jiy'leHH51 u cocTas paAHaKTHBHbiX H30Tonos racf>HH51 AaHhl s 

CChiJIKe ( 1 ). B AaHHOM o6pa3IJ,e 3a fOA H TpH MCCSIIJ,a nOCJie o6Jiy'leHH51 
179m 

a-'laCTHIJ,aM H aKTHBHOCTb 2Hf (25, 1 AHSI) yX<e llOJIHOCTblO pacna-

JiaCb, TaK 'ITO C03AaJIHCb 6JiaronpH51THble YCJIOBHSI AJISI noucKa AaHHOH 

aKTHBHOCTH , HaBeAeHHOH s pe3yJibTaTe HelhpoHHOro o6Jiy'leHHSI. HeAo­

CTaTKOM Bb16paHHOI"O MaTepHaJia MHIIICHH SIBJISICTCSI npHCYTCTBHC aKTHB-

HOCTCH 
175

Hf (70 AHeH) H 
172

Hf (1,9 r.)-+ 
172Lu (6,7 AH.), 4TO C03AaCT 

AOOaBO'IHhiH cf>oH npu y-cneKTpoCKOnH'IeCKHX H3MepeHHSIX. 0AHaKo xH­

MH'IecKoe BbiACJieHHe racf>uuSI nOCJie HeHTpoHHoro o6Jiy'leHHSI no3BOJI!IeT 

c6pocHTb HaH6oJiee Henpli51THYIO aKTHBHOCTb 
172Lu, TaK X<C, KaK H 803-

MOX<Hhle n puMeCHble aKTHBHOCTH, HaBeAeHHble npu 3axsaTc HCHTPOHOB 

51ApaMH 6 a JIJiaCTHoro sew.ecTBa s o6pa3u,e. 

MuiiieHb AJISI HenTpoHHoro o6Jiy'leHHSI 6hiJia npwroTOBJieHa CJieAyJO­

W.HM o6pa30M: cf>paKIJ,HSI racf>HHSI, BbiAeJieHHaSI MCTOAOM XpoMaTOrpacf>HH 

H BbiCYIIICHHaSI Ha llOJIH3THJieHOBOH llOAJIOX<Ke, paCTBOpeHa 8 CJia6oM 
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K 

Ta6mn1a I . CoortcTna llTOpbtx H30Mepoo o H30Tonax llf c A-178 H 179 

(11, y) 

31 ffi)l 

2,447 

16+ 

16 

(][7/2+,][9/2-,v7/2- , v9/2+) 

25,1 )lUll 

1,106 

25/r 

25/2 

(][7 12+. ][9/r. ,,9;2+) 

paCTBOpC nJtaBHKOBOH KHCJIOTbl. 4aCTb aKTHBHOCTH OKOJIO 2 1013 
aTOMOB 

178111 
2Hf ncpCHCCCHa B Kancyny H3 CBCpX4HCTOf'O KBapu,a H BhiCYWCHa. 

Ksapu,coaSI noAJJO.)KKa npaKTH4eCKH He aKTHBHpooanach npH HCHTpoHHOM 

OOJty4eHHH. 

06ny4CHHSI npoBOAHJJHCb Ha Hd!TpoHHOM KaHane ycTaHo KH "PeraTa" 

Ha HMnynhCHOM pcaKTopc H6P-2 B JIH<l> OJ.-UIH. KaHan HaxoAHTCR B 

HenocpCACTBeHHOH 6JJH30CTH OT aKTHBHOH 30Hbl peaKTOpa , TaK 4TO 3a 

11 AHCH ceaHca o6ny4CHHSI AOCTHraeTCSI ct>ntOeHc HeHTpoHOB OKano 
18 2 • . 

6 · 10 n/ eM • TeM caM hiM o6ecne4HBaeTCSI AOCTaT04HO BbiCOKaSI 4YBCT-

BHTCJtbHOCTb :>KCnepHMCHTa. 0AHaKO H3-3a OOJIO.)KCHHSI Ka Hana COCKTp 

HCHTpoHOB HC 6bln nonHOCTbtO TCpMaJJH3oBaH, AOJJSI pe3oHaHCHhlx HCHT­

poHOB :::::::0, I, ACJJHTCJtbHbiH cneKTP TaK.)Ke HHTeHCHBCH. HeliTpoHHoMy o6-
t78111 

JJY4CHHIO nOABCprHyTbl ABa H):lCHTH4HbiX o6pa3u,a 2Hf, OAHH 6b1Jt OK-

py.)KCH Cd ci>HJtbTpoM, TonmHHOH 0,5 MM, Apyroli - 6e3 ci>HJtbTpa. 

4epe3 5 AHCH nOCJie o6ny4eHHH y-aKTHBHOCTb o6pa3u,os H3MepeHa c 

noMomhtO cTaHAapTHoro Gc(Li)-ACTCKTopa. 4To6bl H36e.)KaTh neperpy3-

KH, o6pa3LJ,bl OOMemaJIHCb Ha paCCTOSIHHH 90 MM OT KpbiWK H ACTCKTOpa . 
179111 

raMMa-JJHHHH 2Hf 6b1JJH BHAHbl Aa.)KC 6C3 XHMH4CCKOH oopaOOTKH 

o6pa3LJ,OB. Bee .)KC, XHMH4CCKOC BbiACJJCHHC C HCOOJib30Ba HHCM MCTOAa 

XpoMaTorpaci>HH Ha KOJIOHKC, HanOJJHCHHOH OKHCbiO TpH-H-OKTHJJ<I>occi>H­

Ha, 6hiJJO CACJ13HO. f\KTHBHOCTb raci>HHSI OCTaBaJ13Cb Ha KOJIOHKC, 4TO no-

3BOJISIJ10 C.)KCAHCBHO npoH3BOAHTb npoMbiBKY KOJIOHKH OT 
172Lu. LI,CJtb 

XHMH4CCKOf'O BbiACJICHHSI COCTOSIJta B TOM, 4T00bl 04HCTHTb r aMMa-CnCKTp 

11 AOKa3aTb, 4TO HCKOMbiC y-JJHHHH ACHCTBHTCJibHO npHHaAJJC.)KaTb ci>paK­

LJ,HH raci>HHSI. 

Ha p11c.2 cpaBHHBatOTCSI cncKTp o6pa3u,a nOCJte HCHTpoHHoro o6ny4e­

HHSI 11 XHMH4CCK0f'O BbiACJICHHSI (a) H COCKTp HCXOAHOH M WCHH (6). 8 
178m2Hf, 175Hf H OOCJICAHCM CnCKTpC npHCYTCTBYIOT TOJibKO JIHHHH 

172
Hf -+ 

172Lu. CncKTP o6ny4CHHOH MHWCHH COACP.)KHT KOM nJJCKT JJHHHH 
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P11c.2. CpasHeHHe y-cneKTpos o6pa31.la 178m2Hf nOCJte HeihpoHHOro o6ny'leHI1SI Nl 11 XI1-

MI14eCKOro Bbt,!lenelll111 Hf (a) 11 ,110 o6ny'leHHSI (6) 

179m 
2Hf: 146, 170, 193, 236, 269, 316, 363, 410 H 453 K3B • .ll,se H3 

nepe'IHCJieHHbiX 3HepmH, 236 H 453 K3B, COBn3A310T C JIHHH11MH 
178m • 

2Hf, HO u s 3THX CJiy'la11x s cneKTpe o6JJy'leHHoro o6pa3~a BUAeH 
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H36biTOK HHTCHCHBHOCTH. TaKHM 00p330M, HC B03HHK3CT COMH CHHSI B Ha-
v 179m 

6JUOACHHH HCKOMOH 3KTHBHOCTH 2Hf. ll,ooaBO'lHbiM AOK333 TCJibCTBOM 

SIBJISICTCSI XHMH'lCCKOC ll08CACHHC 3TOH aKTHBHOCTH, a T3KJKC nepHOA 

nonypacnaAa, COBll3A310IUHH C 25 AHSIMH B npCAeJI3X TOI.JHOCT H H3Mepe­

HHH. 

11HTCHCHBHOCTb JIHHHH 8 y-cneKTpe, c y'leTOM 3Qxt>eKTHBHOCTH ACTCK­

Topa, KB3HT080f0 BbiXOAa H 8pCMCHHhix cP3KTOpoB ll0380JISICT onpCAC-

JIHTb 4HCJIO 3TOM08 MHWCHH 
178

m2Hf H 4HCJIO 3TOMOB H30Mepa 
179m v 

2Hf, o6pa3oBaHuoro npH HCHTpoHHOM o6ny'lCHHH. 11x OTHOWCHHC 
179m 178m v v 

N 2/ N 2 onpeACJISICTCSI co cny4aHHOH norpewHOCThiO Ha ypooHe am am 
± 10%, a CHCTCM3TH4CCKHC norpCWHOCTH, C8SI33HHbiC C KaJIH6 poBKOH AC­

TCKTOpa HCKJII04310TCSI. 

KaK H3BCCTHO, OTHOWCHHC 4HCJia 3TOM08 npoAyKTa peaKU.H H K 'lHCJIY 

3TOMOB MHWCHH onpCACJISICTCSI TOJibKO CC4CHHCM peaKU.HH a H cPJIIOCHCOM 

43CTHU. <1>: 

(1) 

<l>JIIOCHC TCllJIOBbiX H pC30H3HCHbiX HCHTpoH08 OPPCAeJISIJICSI OTAeJihHO 

C llOMO(UhiO 3KTHBHOCTCH 
95Zr H 

97Zr 8 3TaJIOHHOM 00p33U.C. 

B Ta6JIHU.C 2 npHBCACHhl napaMeTphl ABYX HCHTpoHHhiX o6Jiy'lCHHH H 
179m 178m 

noJiy'lCHHbiC 3Ha'lCHHSI OTHOWCHHSI Nam 2 / Nam 2 • BHAHO, 'ITO 3KpaHH-

posaHHC Cd cPHJibTpoM npHBOAHT K yMCHhWCHHIO MeKTa n pHMepHo B 

1,6 pa3a. 113 A3HHbiX Ta6n.2 llOJIY'lCHbl CJI~YIOIUHC 3H3'lCHHSI TCllJIOBOfO 

CC'lCHHSI ath' pC30H3HCHOfO HHTCrpana f, H HCTHHHOfO pC30H3 HCHOfO HH-

TCrpaJia I 
0 

3a Bhi4CTOM BKJiaAa l I v xoAa CC'lCHHSI AJISI peaKU.HH 

178m2Hf (n, y) 179m2Hf: 

a 111 = (51 ± 10) 6apu, 

1, = (800 ± 140) 6apH, 

10 = (780 ± 130) 6apu, 

(2) 

(3) 

(4) 

TiorpcWHOCTH BKJII04310T B CC6SI HCTO'lHOCTH OllpCAeJICHHSI cPJIIOCHCa H 

HCOllPCAeJICHHOCTh Ta6JIH4Hb1X A3HHbiX . 

Tipc)I(AC 'lCM nepCHTH K HHTCpnpCT3U.HH pe3yJihT3Ta, npoaHaJIH3HpyeM 

<i>oHOBbiC peaKU.HH, KOTOpbiC 3BCHT)'aJibHO MOrJIH 6hl npHBCCTH K H3BC-
v 179m • 

ACHHOH 3KTHBHOCTH 2Hf. B COCT38C MHWCHH npucyTCTBYIOT, KOHC'l-

HO, C.Ta6HJibHbiC H30TOllbl 
178gHf H 

179gHf. KaK OTMC'laJIOCh BbiWC CC'lC-

178g 179m -7 
uue pcaKU.HH Hf(n, y) 2Hf MOJKHO ou.eHHTh Ha ypooHe 10 6apH, 
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Ta6JIHLla 2. P e JyJibT"JTbl 3KcnepHMCina no 83aHMOAei1nsHKJ 11e~npouou c 3K30TH4CCKHM 

HJipoM 178mlJH 

HoMep <J>HJibTp <J>JIKJCIIC, 11/CM 
2 N 179m2/ N 178m2 

OOJIY'ICIIHII 
"m am 

TCIIJIOBhiC 3m1Ka).IMHCilbiC 

I - 5,67 . 1018 5,75·1017 7,64·10-4 

2 Cd 0,5 MM - 5,94·1017 4,75 · 10- 4 

•ITO A3CT H H 4TO)KH0 MaJihiH 8KJiaA (- 10-8
) 8 ua6JIIOA3CMbiH 8b1XOA 

179m · 
2Hf. 3ac eJICHHC 8biCOKOCDHH080fO H30MCpa 8 pC3KU,HH (n, n') Ha 6bi-

CTpb1X HCHTpoHaX H3MCpCHO 8 paOOTC 16) AJISI H30MCpa ISOmHf, H DOJiy-

4CHO ce4euu e ua ypo8HC -I M6 AJISI AeJIHTeJibHOro cneKTpa. ECJiu npu-
179 179m 

HSITb 3TO )KC ce4euue AJISI peaKu,uu KHf (n, n') 2Hf, TO noJiy4HM 

8KJI3A MCHCC 10-5 
OT ua6JIIOA3CMOro. HaKOHCU,, ci>oHOM peaKU,HH 

180g 179m Hf (y, n) 2Hf, T3K)KC MO)KHO npeue6pe4b. 0TCIOAa SICHO, 4TO ua-

" 179m 
6JIIOA3CMhiH 8hiXOA 2Hf C8SI33H TOJibKO c P3AHU,HOHHbiM 33X83TOM 

" 178m 
HCHTp<:lH08 Ha H30MCpe 2Hf. 

Ce4CHHSI npou,eccca A3Hhl 8hlwe: (2), (3) u (4). J.13 3THX 3Ha4CHHH 

CJICAYIOT A8a 8hi80Aa: I) ce4euue 3ax8aTa TenJI08biX u pe3ouaucublx 
" 178m 

HCHTpoH08 AJISI 11Apa 2Hf AOCT3T04HO 8eJIHKO, 2) H30MCpHOC OTHO-

WCHHC A.i!SI Dp<:lAYKTO~ peaKU,HH (n, y), - 8Cp<:lSITHO, 8 DOJib3Y H30MCpa 

m
2 

• .li.JISI DOHHM3HHSI nep80f0 8b180A3 CACJI3CM OU,CHKY DJIOTHOCTH pe30-

H3HCOB cocTa 8HOro SIApa. CorJiacuo pa6oTe 171 nJIOTHOCTb yposueu s 3a­

BHCHMOCTH OT 3HCpi'HH U H CDHHa J A3CTCSI ci>oPMYJI3MH: 

(
U J ) = Vii exp 2YiilJ (2/ + I) exp 1-(J + I /2)2 12c?) (5) 

P ' I2 al/4 if14 2 VIii a2 

a 2 = 0,0888 aT A213. (6) 

no 3THM <J>opMyJiaM npH OOhlliHOM Bhl6ope napaMeTpo8 MO)KHO OU,CHHTb 

OTHOWCHHC nJIOTHOCTH ypoBHCH p DOCJIC 33X83T3 H3 OCHOBHOM COCTOSI­
g 

HHH (E = 6,10 M3B, J = I/2) H ua H30MepuoM COCTOSIHHH p
1112 

<E = 8,55 M3B, J = 33/2) B 
178

Hf: 

P111/Pg- 20. 
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CpeAnee paccTOSIHHe MC)KAY peaonancaMH AJISI Mnwenn 178gHf corJiac­
HO cnpaso4HHKY 8NL cocTaBJISICT 60 38. 0TC10Aa, s CJiylfae 3axsaTa neH:­
TpoHa H30MCpoM, MO)KHO 0)KHAaTb CPCAHCC paCCTOSIHHC MC)KAY pe30HaH­
CaMH -3 38. CJJeAOBaTeJihHO, AOBOJibHO seJIHKa sepoSITHOCTb nonaAaHHSI 
OAHOro H3 yposHeu s TenJiosyiO o6JiaCTb 3neprnu, T.e. O)KHAaeTCSI ne­
MaJJoe TenJIOBOC CClfCHHe. Pe30HaHCHbiH HHTerpaJI TaK)KC AOJI)KeH 6b1Tb 
BeJIHK. 3TO K34eCTBeHHO COOTBeTCTByeT H3MepeHHSIM, 6oJiee AeTaJihHaSI 
HHTCpnpeTaU,HSI AOJI)KHa 6h1Tb pa3BHT3 B AaJibHeHWeM. 

8Topou BbiBOA 0 BbiCOKOM H30MepHOM OTHOWeHHH AJISI npoAyKTOB 
(n, y)-peaKLJ,HH H3 H30Mepe MO)KeT 03H343Tb CeJICKTHBHOe 3aCeJieHHe CO­

CTOSIHHH c TaKou )Ke CTPYKTypou KaK y Mnwenn nOCJie 3axsaTa neH:Tpona 
H KacKaAa y-KBaHTOB. TaKaS! nnTepnpeTau,nSI (na APYf'OM SI3b1Ke - co­

xpaHenHe 3anpeTa no KBaHTOBOMy lfHCJIY K s (n, y)-peaKu,nn) npeACTaB­

JISieT HHTepec B <f>H3HlfeCKOM OTHOWeHHH. 0AHaKO, lfTOObl CAeJiaTb OKOH-
4aTeJibHOe aaKJII04enHe, neo6xOAHMO H3MepHTb celfenne aaxsaTa (n, y), 

BeAywero K OCHOBHOMY COCTOSIHHIO 179gHf, a TaK)Ke nOnbiTaTbCSI OnHCaTb 
noJiylfeHHOe H30Mepnoe OTHOWeHHe B CTaTHCTHlfeCKOH MOAeJIH C ylfeTOM 
CnHHOB Ha4aJibHOro H KOHClfHbiX COCTOSIHHH. 

TioJiylfCHHOe BbiCOKOe 3Ha4eHHC pe30HaHCHOro HHTerpaJia AJISI peaK-
178m 179m • . 

u,nn 2 Hf (n, y) 2Hf AaeT ocnosanne naAeSITbCSI na ycnex B 3KC-

nepHMeHTe no npSIMOMY na6JIIOAeHHIO neuTpoHHbiX peaonancos B 3TOH 
peaKLJ,HH MeTOAOM cneKTpDCKOnHH no BpeMeHH npoJieTa C HCnOJib30Ba­
HHeM MHOroAeTeKTOpHOH 4n-ycTaHOBKH AJISI perHCTpaU,HH y-KBaHTOB pa­

AHaLJ,HOHHOf'O aaxsaTa neuTponos. 
AsTophl 6JiaroAapnhl E.ropcKn 3a paAHOXHMHlfeCKHe pa6oTbl na eTa-

178m 
AHH naKonJiennSI SIAep 2Hf, UI.Epnancon, IO.TI.ranrpcKoMy n 
r.8.MypaASIHY 3a noJie3Hble o6cy)I(AeHHSI, E.H.MapKOBY H rpynne U,HK­
JIOTpoHa Y-200 3a nnx BKJiaA s noJiylfenne H3oMepa ra¢nnSI. 
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