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KparKue coo6UieHWI OHJ/11 N" 17-86 
Y.IlK 539.172.1 

JINR Rapid Communications No.l7-86 

HMnYnbCH~E CnEKTP~ nHOHOB H nPOTOHOB 
B CTOnKHOBEHH~X p, 12C 1o1 22 Ne C ~APAMH 
¢0T03MYnbCHH nPH 4,5 A f3B/c 

B.A.necKHH: K.A.ToncToe 

B HeynpyrHX BSaHMOAe~CTBHHX p, 12C, 22 Ne C HApa
MH ~OTOSMYnbCHH npH HMnynbCe 4,5 fsB/c Ha HYKnOH 

+ nHBHeBble 'laCTHI.U>l pasAeneHbl Ha rr- -MeSOHbl H npOTOHbl, 
HCUbiTaBmHe HeynpyrHe CTOnKHOBeHHH, a B Cnyt~ae HAep 
12C H 22 Ne BbJAeneHbl TaiOKe p- , d- , t -~parMeHTbl HApa
cHaPHAa, COXpaHHBmHe SHeprHIO. llonyt~eHbl COOTHomeHHH 
AnH BbiXOAa STHX t~aCTH~, p~CnpeAeneHHH no HMnynbcy, 
yrny BblneTa H 6biCTpOTaM rr- H npoTOHOB. CpeAHHe HM
nynbCbl rr-MeSOHOB AnH BCeX CHaPHAOB 6nHSKH K HX 3Ha
t~eHHHM B HyKnOH-HYKnOHHb~ CTOnKHOBeHHHX. lloKa3aHa 
cna6aH 3aBHCHMOCTb HMnynbCOB H 6biCTpOT Me30HOB H npo
B3aHMOAe~CTBOBaBmHX npOTOHOB OT 'l:Hcna HyKnOH OB Ha 
HX nyTH B RAPe MHmeHH. 

Pa6oTa BblnonHeHa B Da6opaTopHH BbiCOKHX s He prHA 
mum. 

!-!omentum Spectra of Pions and Protons 
in p , 12c and 22Ne Collisions with Emulsion 
Nuclei at 4.5 A GeV/c 

V.A.Leskin, K.D.Tolstov 

In inelastic p, 12C and 22Necollisions with emul
sion nuclei at 4.5 GeV/c per nucleon the shower par
ticles are separated into rr±-mesons and protons that 
have undergone inelastic interaction. In the case of 
12 c and 22 Ne nuclei, the p, d and t projec t ile 
fragments conserving their energy are also s eparated. 
The ratios for the yields of these particles and the 
momentum, emission angle and rapidity distributions 
of rr± and protons have been obtained. The average 
momenta of rr-mesons for all projectiles are close 
to their values in nucleon-nucleon collisions . A weak 
dependence of the momenta and rapidities of mesons 
and interacting protons on the number of nuc l eons 
on their way in the target nucleus is shown. 

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

*~sHKo-TeXHHt~eCKH~ HHCTHTYT AH T~CCP, ~yma 6e 
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8 HCcneA08aHHH MeXaHH3Ma HeynpyrHX CTOnKH08eHH~ 4aCTH4 
H ~Aep C ~ApaMH 6onfWO~ HHTepec npeACTa8n~eT H3y4eHHe HM
nynbCH~X c neKTP08 n'-Me30H08 H npOTOH08. 0AHaKO Manoe 
pa3nH4He 8 HOHH3a4HOHH~X noTep~X 3THX 4aCTH4 npH HMnynbCaX 
6onee 1 f3 B/c aaTPYAH~eT HX paaAeneHHe. 

8 HaCTO~~e~ pa6oTe HCCneA08anHCb HeynpyrHe CTOnKH08e
HH~ 12C H 22Ne C ~APaMH $OT03MynbCHH npH HMnynbce 
4,5 A f38/ C, r~e 8 OCH08HOM npeOAOneH~ yKa3aHH~e TPYAHOCTH 
8 pa3AeneHHH rr--Me30H08 H npOTOH08 H nony4eH~ HX HMnynb
CH~e cneKTpbl 8 o6nacTH {:3 > 0, 75. 

3KcnepHMeHTanbH~~ MaTepHan HanomeH 8 pa6oTax 11• 2• 31 H 
npeACTa8n~eT Ha6opbl cneA08 OAH03aP~AH~X 4aCTH4 C {:3 > 0, 75, 

+ 
8Knl04a10111He rr- -Me30Hbl H npOTOH~, HCn~Ta8WHe HeynpyrHe 
CTOnKH08eHH~, a TaKme OAH03ap~AH~e $parMeHT~ ~Aep-CHap~
A08 12 c H 22Ne,coxpaHH8WHe 3HeprHIO: p, d, t • 

H3MepeHH~ OTHOCHTefbHO~ HOHH3a4HH, 8enH4HH p{:3 n0380nH
nH HAeHTH$H4HP08aTb rr--Me30H~ H npOTOH~ Ha cneAaX C Man~
MH p{:3. PaaAeneHHe 3THX 4aCTH4 8 o6nacn1 GonbWHX 8enH4VIH 
p{:3 npOBeAe HO CTaTHCTH4eCKH C HCnOnb308aHHeM HMnynbCH~X 
cneKTp08 rr- -Me30H08 8 np(ph) - CTOnKH08eHH~X 141 H 8~AeneHH
eM $parMeHT08 ~Apa-cHap~Aa/3/ 
2oor---------~ 
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PHc. 1 • HMnyn&CHble cneKTpbl 
rr± -Me30 HOB H npOTOHOB

yqaCTHHKOB, 

Ha pHc. 1 npeACTa8neH~ 
HMnynbCH~~ CneKTp~ pen~TH-

8HCTCKHX nr H npOTOH08, HC
n~Ta8WHX HeynpyrHe cTon
KH08eHH~,H T04KaMH noKa3aH 
HMnynbCH~~ cneKTP rr±-Me-
30H08 H3 np-83aHMOAe~CT8H~, 
HcnonbaosaHH~~ npH npo-
4eAype paaAeneHH~ 4aCTH4. 
B Ta6n. 1 AaH~ co~THowe
HH~ 8~XOAa 3THX rr-,npoTo
H08 H $parMeHT08 CHap~Aa 
- npoToH08, Ae~TpoHo8, 
TpHTOH08 An~ Tpex ny4K0-
8~X ~Aep. Ha Ta6nH4~ BHA
HO, 4TO C ysenH4eHHeM 
Mace~ ~Apa cHaP~Aa npo-
4eHTH~~ B~XOA nHOH08 
yMeHbWaeTC~, KOnH4eCTBO 
npOTOHOB-y4aCTHHKOB H3Me
H~eTC~ He3Ha4HTenbHO,B~

XOA $parMeHT08 CHaP~Aa 
p, d, t 
AOniO OT 

COCTaBn~eT MeHbWYIO 
S-4aCTH4 H pacTeT 

npHMepHO OAHHaK080 An~ 
4aCTH4 KamAoro THna.$par
MeHT~ 6onbwol1 Ma·cc~ HMeiOT 



Ta6.rrH~a I 
+ BwxoA B npo~eHTax pe.rrHTHBHCTCKHX w- , npoTOHos-

yqacTHHKOB H ~parMeHTOB HApa-cHaPHAa- P, d, t 

<l>parMeHTbi HApa-CHaPHAa 
AP 

+ rr- p 
p d t 

--------------------------------~-----
p 

12C 

22Ne 

so 

40 

~ 30 
;;-..._ 
z 
-d 

20 

10 

0 

65 + 6 

59 + 4 

50 + 2 

35 + 

27 + 

32 + 

P+3M 
--TI± 
-p 

4 

3 

2 

9 + 

12 + 

3,7 + 

4,8.!. 

1,1 + 0,4 

1,5+0,4 

MeHbWHH s~xoA. Yrnos~e 
+ 

pacnpeAeneHI-ifl "- - MeaoHos 
H npoToHos AaH~ Ha p1-1c.2. 

PacnpeAeneHI-iR n± -Meao
Hos 1-1 npOTOHOB no HMnynbcy, 
nonepe4HOMY HMnyn bCY 1-1 
npoAOnbHOH 6~CTpOTe y , 
npeACTaeneHH~e Ha p1-1c.3, 
4,5, B~flgnfi~T 1-iX CXQACTBO 
AnR ecex CHaPRAOB . np~-1 

3TOM CpeAHHe 1-iMnyn bC~ ni-1-
0HOB <Prr >,a TaKme npoTo
HOB, npaKT!-14eCKI-1 OAHHaKOB~ 
/Ta6n. 2/, 1-1 eenl-14 1-i H~ <Prr > 
6Jli-13KH K COOTBeTCTBY~~I-iM 
3Ha4eHHRM B np (pn ) - B3aHMO
AeHCTBI-1RX. 

30 60 90 120 150 180 
80 

PHc. 2. PacnpeAe.rreHHH rr± H 
npOTOHOB-yqacTHHKOB no yr.rry 

CpeAHRR 6~cTpoT a n1-1oHoe 
pacTeT, npH6Ili-imaR Cb K 6~
CTpoTe npOTOHOB, C yBeJl!-14e
HI-1eM 11A11 cHaPRAa, a TO 
epeMR KaK cneKTp~ npoTo
HOB YCTOH4HB~ B 3 TOM OTHO
weH!-11-1. C~eAHee 41-i CilO pom
AeHH~x rr--Me30HOB Ha OAHH 

BbiJieTa. 

npOTOH-y4aCTHI-1K /4aCTI-14~ C ~ > 0,]5/ CHHmaeTCR n pl-1 3aMeHe 
RAep-cHapRAOB BO B3ai-1MOAeHCTBI-1RX 12 C Ha RAPCi 22 rj . 

B Ta6n. 3 npeACTasneH~ cpeAHI-ie xapaKTepHCTI-iKI-1 cneKTpos 
rr± 1-1 npOTOHOB-y4aCTHI-1KOB AnR rpynn co6~THH C Nh < 7 1-1 
Nh > 7 • Nh - 41-1cno 4aCTH4 ~-t3 RApa-MI-iWeH!-1. Co6~TI-1R c Nh <7 
COOTBeTCTBY~T B3aHMOAeHCTBHRM C nerKI-iMI-1 RApaM~-t <!><>T03Mynb
CI-IH H, C, N, 0 H nep~-t<)>epH4eCKHM eaaHMOAeHCTBHRH c TR

men~MH RAPaMH Ag H Br , a c Nh > 7 -ocTailbH~M aaaY!MOAeH
CTBHRM Ha 3THX RApax. B Ta6n. 4 AaH~ Te me xapaKTepHCTH
KH AnR rpynn C06~THH C pa3H~M 4HCnOM Q, paBH~M Cy MMapHO-
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L.l6JI III I3 2 
+ 

Cpe,ll,HHe xapaKTepHCTHKH crreKTPOB 11 - H npu ioHOB 

p,4,5 r :1B/c 12C,4,5·A r 31.1 / c 22~e, 4 , 1· .\ r 31.1/c 

<P17 > 

<P > 
p 

<817 > 

<Op > 

<y 17 > 

<yp > 

<P11T > 

<PpT > 

NIT/N p 

B np(pn) 

<PIT> 

690 + 40 730 + 30 650 + 2U 

2370 + 100 2260 + 80 ~ 190 + 50 

4 I + 2 33 + I , 5 38 + 

15+ 15+ 16+ 

1,07 ~ 0,06 1,27 + 0,04 1,14 + 0,03 

1,43 ~ 0,04 1,4 + 0,04 1,36 + 0,02 

320 + 16 280 + 10 280 + 10 

470 + 30 490 + 30 500 + 20 

1,9~0,2 2,2+0,2 1,6~0,1 

700 + 6 700 + 6 620 + 5 
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Ta6JIH~a 4 
+ 

CpeAHHe xapaKTepHCTHKH CITeKTpOB 17- H ITpOTOHOB 
B 3aBHCHMOCTH OT Q 

AP, PP 
12c , 4,5·A r3B/c 22N e, 4,l·Ar3B/c 

Q 0 .;- 4 6 0 2 7 10 

<P" > 720 + 40 770 + 70 600 + 40 690 + 40 

<Pp > 2220 + 100 2360 + ISO 2020 + 90 2340 + 70 

<fJ 17 > 33 + 2 35 + 5 44 + 2 32 + 2 

<fJp > 16 + I ,5 10 + 18 + I, 6 12 + 

<y 17 > I ,26 + 0,05 I, 24 + 0, 13 0,98 + 0,06 I ,3 + 0,06 

<yp> I, 36 + 0,05 I ,48 + 0,06 I ,27 + 0,05 I ,48 + 0,03 

<PITT> 280 + 15 270 + 20 280 + 15 245 + 15 

<PpT> 550 + 50 350 + 30 530 + 30 410 + 30 

N17 /NP 2,4 + 0,4 I, 7 + 0,4 I ,9 + 0,'3 I, 3 + 0,2 

MY aapRAY ~parMeHTOB CHaPRAa. Co6~T~R C Man~M~ Q COOTBeT
CTBYIOT 4eHTpaJlbHbiM, a C 60JlbW~M~ Q- nep~~ep~4eCK~ M B3a~
MOAet:1CTB~RM 161 • 

Ha aHan~aa Ta611~4 2, 3, 4 cneAyer, 4To np~ nepe xoAe 
OT CTOJlKHOBeH~t:1 C TRmenot:1 KOMnOHCHTOt:1 K CTOJlKHOBe H~HM 
C nerKot:1 KOMnOHeHTOt:1 3MYllbC~~ npOHBJlRIOTCR CJleAYIO~He CBOt:1-
CTBa: 

- CpeAH~e ~MnyllbC~ 4aCT~4 He3Ha4~TeJlbHO B03pacTaiOT; 
- Ha61110AaeTCR YC~JleH~e KOJ1Jl~Ma4~~ ~ COOTBeTCTBy~ee 

aoapacTaH~e cpeAH~x 6~cTpoT; 

- Ha6Jl10AaeTCR CH~meH~e 4~Cna pOmAeHH~X n~OHOB Ha OA~H 
npoaaa~MOAet:1cTaoaaaw~t:1 npOTOH (N 17 IN p). 

CpeAH~e ~Mnynbc~ npoToHoa-y4aCTH~KoB npaKT~4eC K~ He 
~aB~CHT OT MaCe~ RApa-cHapRAa ~ yMeHbWaiOTCR TOJlbKO B npe
AellaX 10% np~ nepeXOAe OT Nh < 7 K OCTaJlbHbiM C06b1 T~HM. 

B p, 12 c, 22Ne aaa~MOAet:1cTB~Hx c RAPaM~ ~oT03MYllbCA~ 
~ 3JleMeHTapHbiX np(pn)- CTOJlKHOBeH~HX CpeAH~e ~Mnyll b Cbl 

17±-Me30HOB 6n~3K~ no BeJl~4~He. 
ConocTaaneH~e ~MnYJlbCHbiX cneKTpoa 4acT~4 AllR nep~~ep~-

4eCK~x ~ YCJlOBH0-4eHTpaJlbHbiX CTOnKHOBeH~t:1 p, l2C 1'1 22Ne 
C RApaM~ ~OT03MYllbC~~ np~ eA~HOM MeTOA~4eCKOM no XOAe 
noaaonHeT CAenaTb aaKJll04eH~e o HeaHa4~TellbHO~ aaa~c~MOCT~ 

~MnyllbCOB 17±-Me30HOB ~ npOTOHOB OT 4~Clla HYKJlOHO Ha 
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nyTH BTOpH4H~X 4aCTH~. 8 COOTBeTCTBHH C pa60TOH/&/~TO 
YKa3~BaeT Ha B03MOlKHOe npORBJleHHe 11 AJ1HH~ <llOPMHpOBaHHR 11

, 

He06XOAHMOH AJlR reHepa~HH nHOHOB H BOCCTaHOBJleHHR Co6-
CTBeHHOH CTpyKTYP~ npoTOHOB. 3TOT B~BOA aHal10rH4eH 3aKJ1~-

4eHH~ B 063ope 17/; 11 
••• HeCyllleCTBeHHOCTb .AllR KYMYllRTHBHO

ro pOlKAeHHR /B nepBOM npH611HlKeHHH/ 3~eKTOB nor110111eHHR 
B BellleCTBe RApa nepBH4HOH BOJlH~ H pOlKAeHH~X 4aCTH~11 • 

numepa~ypa 

1. 6aHHHK 6.n. HAP· OHHH, P1-13055, Ay6Ha, 1980. 
2. Kapa6oea M. H AP· OHHH, P1-83-14, Ay6Ha, 1983. 
3. Wa6paToBa r.C. H AP· OHHH, P1-86-303, Ay6Ha, 1986. 
4. A6AHBanHeB A. HAP· OHHH, P1-82-507, Ay6Ha, 1982. 
5. BoKanoea A. H AP· OHHH, P1-86-8, Ay6Ha, 1986. 
6. $eHH6epr E.fl. Y$H, 1980, T. 132, e~n. 2, c.255. 
7. CTaBHHCKHH B.C. 34AH, 1979, T. 10, e~n. 5, c.949. 

fl 

PyKonHcb nocTynHna 16 H~HR 1986 roAa. 
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KpaTKue coo6U4eHWl OH.HH N"17-86 
Y,llK 539.17 

JINR Rapid Communications No.l7-86 

* 
H3MEPEHHE CE4EHH~ B3AHMO~E~CTBHR R~EP 19

F 
nPH HMnYflbCE 4 f3B/HYKnOH 

B.M.ronoaHH, H.A.ronyTBHH, C.H.~onR, B.E.~Hnb~oa, 

A.B.3apy6HH, B.B.nepen~rHH, B.A.CBHPHAOB, B.B.THxoMHpoa, 
B.H.Uoa6yH, A.r.~eAYHOB 

H .. 19F sMepeHbl ce'l:eHH.Ii cr~z:!:, 1 B3aHMop;eHCTBH.Ii ap;ep c 
.lip;paMH pa3JIH'l:Hb!X 3JleMeHTOB llPH HMllYJlbCe 4 rsB / C · HyK
JlOH B peaK~H.IIX, B KOHe'IHOM COCTO.IIHHH KOTOpb!X 06pasy
eTC.Ii .PparMeHT c sapap;oM Z .s:. 8. AnnapaTypa 3KcnepHMeH
Ta BKJIIO'IaeT B ce6.11 TpaHCMHCCHOHHblH p;eTeKTOp, rp;e 
TpaeKTOPH.Ii ap;ep Ha BXOp;e B MHWeHb H3MepaJiaCb rrpo
nop~HOHaJibHblMH KaMepaMH, a sapap; ap;ep p;o H rrocne MH
meHH - 'l:epeHKOBCKHMH C'leT'lHKaMH. 3KCrrepHMeHTaJl bHbJe 
p;aHHble, ITOJiy'leHHble C TO'lHOCTbiO - 2%, rrpep;c T aBJie Hbl p;JI.R 
MHWeHeH H3 yrnepop;a, aJIIOMHHH.II, Mep;H, HHp;ll.ll, BOJi btPpa
Ma, BHCMYTa H ypaHa. 3aBHCHMOCTb ceqeHHH OT aT OMHOI"O 
HOMepa MHWeHH COBnap;aeT /KpOMe ceqeHHlt B3aHMO,Ueii•· 
CTBH.Ii C T.IIJKeJlblMH MHWeH.RMH/ C rrpep;cKa3blBaeMOH rrpOCTbJ
MH reOMeTpH'leCKHMH MOp;eJI.IIMH. 

Pa60Ta BblllOJIHeHa B 0Tp;ene HOBJ,IX MeTO,UOB YCK OpCI!Ji.R 
mum. 

Measurement of 19 F Nuclear 
Interaction at 4 GeV/c per Nucleon 

Golovin V.M. et al. 

The A-dependence of the 19 F charge- changing cross
section at 4 GeV/c.nucleon has been studied on C, Al, 
Cu, In, W, Bi,and U targets. The detection appa ratus 
consisted of a transmission detector, where the tra
jectory of nuclei on the target input is dete rmined 
with proportional chambers,and nuclear charge i n 
front of and behind the target - by Cherenkov coun
ters. Measured with 2% accuracy charge-ch n-
ging cross-sections cr z > 1 are presented f or 
each target. The o z ~ 1 coincides (except of eros -sec
tions for heavy target interaction) with the pr edic
ted simple geometric models. 

The investigation has been performed at the De
partment of New Acceleration Methods, JINR. 

3KCnepHMeHT~ no H3y4eHH~ B3aHMOAe~CTBH~ RAep npH B~
COKHX 3HeprHRX Ba~H~ AJ1R OOHHMaHHR MeXaHH3Ma CHJ1bH~X 

B3aHMOAeHCTBH~. AHanH3 ce4eHH~ B3aHMOAe~CTBHR no3aonReT 
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04eHHTb 3~~eKTHBH~e pa3Mep~ RAep, H3Y4HTb OCo6eHHOCTH HX 
CTPYKTyp~ /l- a/ , 3HaHHe Ce4eHH~ B3aHMOAe~CTBHR pellRTH
BHCTCKHX RAep He06XOAHMO AllR KOCMOilOrHH H aCTpO~H3HKH/ 4/ 
HHTepec n peACTaanReT H 3HepreTH4ecKaR 3aBHCHMOCTb noae
AeHHR Hey npyrHX Ce4eHH~ RAep, TaK >Ke KaK 3TO 6~110 npH 
HCCileAOBa HHH B3aHMOAe~CTBHR 3IleMeHTapH~X 4aCTH4 C RApa
MH /5/ • 

HH>t<e npHBeAeH~ pe3yllbTaT~ 3KcnepHMeHTa, 4e11b~ KOTopo
ro 6~110 n pOAOillKHTb HaKonneHHe AaHH~X no Ce4eHHRM Heynpy
roro B3aHMOAe~CTBHR penRTHBHCTCKHX RAep 16- 10/ • H3MepeHo 
Ce4eHHe B3aHMOAe~CTBHR 19F .c HMnYilbCOM- 4 r3Bic· HYKilOH C 
RAPaMH y r nepOAa, all~MHHHR, MeAH, HHAHR, BOilb~paMa, BHCMy
Ta H ypaHa B peaK4HRX, KOrAa B KOHe4HOM COCTORHHH o6pa3y
~T•CR ~pa rMeHT~ C 3aPRAOM Z ~ 8 (£\Z _2: 1) , norpewHOCTb H3-
MepeHH~ 11,5+21%. 

A/1R H3 MepeHHR Ce4eHHR HCnOilb30BallaCb OCHOBHaR 4aCTb 
annapaTyp~ ycTaHOBKH 11AHoManoH11 111/. Ha pHc. 1 npHBeAeHa 
cxeMa pa3Me~eHHR annapaTyp~. C noMO~b~ TpHrrepH~x c4eT-
4HKOB H nponOP4HOHallbH~X KaMep B~AellRilCR ny40K C AHaMe
TpOM 14 MM I4YBCTBHTellbHaR 06IlaCTb 4epeHKOBCKHX C4eT4H
KOB - 18 MMI H paCXOAHMOCTb~, MeHbWe~ 4eM 5 MpaA, Me>KAY 
4epeHKO BCKHMH C4eT4HKaMH pacnOilO>KeH~ TpH MHWeHH, TOil~HH~ 

KOTOp~X B~6Hpa/1HCb TaKHMH, 4TO OHH OCI1a611RI1H nOTOK naAa~
~HX RAe p ~Topa npHMepHO Ha 10, 20 H 30%. 

B cny 4ae a3aHMOAe~cTBHR RAep ~Topa a OAHOH H3 MHweHeH 
4epeHKO BCKHe C4eT4HKH 3a MHWeHb~ perHCTPHPY~T H3MeHeHHe 
3aPRAa I CHrHan C4eT4HKa nponop4>10HaneH Z 2 I, H, TaKHM o6-
pa3oM; B~AenReTc~ co6~THe B3aHMOAe~cTBHR. Hcnollb30BaHHe 
TpeX MHWeHe~ n03BOI1ReT yMeHbWHT~ BllHRHHe CHCTeMaTH4eCKHX 
H Clly4a~ H~X OWH60K. H3-3a HOHH3a4HOHH~X noTepb B AeTeKTO
pe H MHWeHRX cpeAHRR 3HeprHR RAep OKa3~BaeTCR pa3/1H4HOH 

nK1 2 3 '-1 
v 

"Y'"'-8~ - ~~ -~- ~~~ ~ M1 . .M2 M3 
51 2 3 '-1 

PHc. I. CxeMa 3KcnepHMeHTanbHOH ycTaHOBKH: SI-4- TpHrrep

Hble C~HIITHJlJUII~HOHHble C'leT'lHKH, llKI-4 - ny'lKOBble nponop~H

OHanbHble KaMepbi, CI-30 - 'lepeHKOBCKHe c'!eT'lHKH, Ml- 3 -
- MHWeHH , 
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N 

0 
~ 

z = 5 6 
0 
0 

0 
~ 

7 8 9 

z. 

B pa3flH4H~X MHWeHH X. ~nH 
yrnepOAH~X MHWeHe~ H3MeHe
HHe HMnynb~a a Tpex nocne
AOBaTenbH~x MHWeHH X paBHO 
0,11 f3B/c. HyKnoH. CooTaeT
CTBeHHO AflH ypaHOB~X -
0,23 f3B/c.• HYKnOH. 

npH o6pa60TKe 3 KCnepH
MeHTanbH~X AaHH~X H3 CneK
Tpa CHrHanOB C4eT4HKOB, 
pacnonomeHH~X AO MHWeHH, B 
CTaTHCTHKY BKn~4aflH Cb TOnb-
KO Te, KOTOp~e nema T B ~eH
TpanbHO~ 4aCTH rayccoao~ 
KPHBO~, annpOKCHMHPY~e~ 

PHc. 2. CneKTPbi cHrHanoB qe- 3KcnepHMeHTanbHOe pacnpeAe-
peHKOBCKHX CtJeTtJHKOB nocne neHHe. ~nH KamAO~ MHWeHH 
MHmeHeH. oT6Hpanocb onpeAeneHHoe 

4Hcno HAep N 1 , H n pocne
mHaanacb HX CYAb6a nocne MHWeHH. Ha PHC.2 npHBeAe H cneKTp 
CHrHanoa OT C4eT4HKOB, pacnonomeHH~X 3a MHWeHb~. apHAY C 
CH.rHanaMH OT Hen.pOB3ai-IMOAe~CTBOBaBWHX HAep <!>TOp a B cneK
Tpe CHrHanoa BHAH~ nHKH OT HAep C MeHbWI-IM aapHAOM (Q,N,C 
H AP).H30TOnH~~ COCTaB 3THX HYKflHAOB He HAeHTH<!>H ~HpOBanCH. 

nocne annpOKCHMa~HH cneKTpOB C4eT4HKOB 3a MHWeHb~ C 
noMo~b~ rayccoaa pacnpeAeneHHH B~AenHnocb 4Hcno HAep <!>Ta
pa N2 , npoweAWHX MHWeHb 6e3 H3Me~eHHH 3apHAa, H Ce4eHHe 
B3aHMOAe~CTBHH C ~Z ~ 1 onpeAenHnOCb no <I>OpMyne 

a = N f A 
On~ - -) -:---,--

N2 ,\ LpNA ' 
( 1 ) 

rAe L- AnHHa MHWeHH, A- aTOMH~~ sec, f - Ton~HHa nneK
CHrnacoaoro paAHaTopa /5 MM// ,\ - HAepHaH AnHHa <t>Topa a 
nneKcHrnace, onpeAeneHHaH a 1V ,p - nnoTHOCTb a~ecTaa. 

PeaynbTaT~ H3MepeHH~ npHBeAeH~ B Ta6nH~e H Ha PHC.3. 
O~eHKH CHCTeMaTH4eCKHX norpewHoCTe~, npoaeAeHH~e npHM~M 
pac4eToM H nony4eHH~e H3 cpaaH.eHHH peaynbTaToa 3Kc nepH
MeHTOB Ha pa3H~X MHWeHHX,C pa3H~MH AeTeKTOpaMH H pa3flH4-
H~MH cnoco6aMH 06pa60TKH cneKTpOB CHrHanOB C4eT4H KOB, no
Ka3~Ba~T, 4TO OHH HHme CTaTHCTH4eCKHX . 

AnnpoKCHMa~HH 3KcnepHMeHTanbH~x AaHH~x /6ea THmen~x 
MHWeHe~/ <I>OPMYflO~ /13/ 

f 

( 2) 
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JJ 
X 0 

~+ ~ 

;tt 0~ ~ 4 0 

0 c 
::r 

Cl - c 
0 
1'1 

l a / I I 
Cl 
Cl 
0 
N 

9l 

R 

PHc.3 . Ce~eHHH B3aHMOAeHCTBHH ngpa 
19f c HAPaMH yrne

POAa, an~MHHHH, MeAH, HHAHH, BOnb~paMa, BHCMYTa H ypa
Ha npH HMnynbce 4 r3B/C•HYKnOH (•) , Ann cpaBHeHHH 
npHBeAeHhl AaH8hle npH 3HeprHH 2 r3B/A gnn ngep ~enega 
(o) .• 

Ta6nHua 

3HaqeHHH ceqeHHH B3aHMOAeHCTBHH HAep 19 F 
C HApa MH yrnepoga, an~MHHHH, MeAH, HHAHH, BOnb~aMa, 

BHCMyTa H ypaHa 

MHmeHb c Al Cu In w Bi u 

ut1z~ 1 (M6) 1038 1451 2126 

± d,u ( M6) 19 33 29 

2808 

52 

3711 3952 

57 81 

4267 

64 

AaeT cneAY~~He 3Ha4eHHR napaMeTpoa: r 0 = 1 ,45±0,03, ~ = 
= 1 ,00+0 , 12. OTMeTHM, 4TO 3TH 3Ha4eHHR r 0 H ~ HecKonbKO 
a~we cooTaeTCTBY~HX napaMeTpoa, nony4eHH~x a 171 npH HC
cneAOBaHHH ~parMeHTa~HH 56Fe Ha pa3nH4H~X MHWeHRX npH 
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0 

~ 
r:--

.D 
X 

0 
co 

~ 
t:l 

0 
In 

0 
::r 

0 
(T') 

0 

~ 5 6 7 6 9 

l/3 1/3 
A -+ A 

p T 

PHc. 4. 3aBHCiiMOCTb ce'!eHHR 'h A 113 A 113 
a OT p + T 

(Ap H AT- MaccoBbJe 'lliCJia na,I:\ato~ero n.r~pa H n.r~pa 
MHWeHH). 

3Hepr~~ 2A r3B.Pe3yJibTaT~ 3Kcnep~MeHTa npeACTaaneH~ Ha 
p~c. 3 /AJ1R cpaaHeH~R TaM '>Ke np~BeAeH~ AaHHble pa6oTbl /7/ I 
~ Ha p~c.4. 

3aB~C~MOCTb a~ z ;2; 1 OT aTOMHOrO HOMepa M~WeH~ COBnaAa
eT /KpOMe Ce4eH~R B3a~MOAe~CTB~R C TR>Ken~M~ M~WeHRMH / C 
npeACKa3~BaeMO~ npoCTO~ reoMeTp~4eCKO~ MOAenbiO 

u'h _ A1/3 + A 113 (3) 
p T ' 

rAe A P ~ AT - Maccoa~e 4~cna, nponopli~OHanb H~e Ky6y pa
A~yca B3a~MOAe~CTB~R naAa~ero RAPa H RAPa M~WeHH 1 cM. 
pHc.4/. Ce4eHHe B3a~MOAe~cTBHR c TR>Ken~MH RApaMH ~MeeT 
TeHAeHI.IHIO K OTKnOHeHHIO OT 3TO~ 3aKOHOMepHOCT~, 4TO COB
naAaeT C npeACKa3aHH~M B pa6oTe /14/ pOCTOM Ce4eHHR H3-3a 
BKnaAa KynoHoacKoro pac~enneHHR naAato~ero RAPa a no e 
RApa MHWeHH. 

B 3aKnto4eHHe aaTop~ a~pa>Ka!OT 6naroAaPHOCTb A.t~.lianAHHY, 

B.n.CapaHI.IeBy H H.H.CeMeHIOWKHHY aa noAAep>KKY 3KcnepHMeHTa, 
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nepcoHany OTAena c~Hxpo~aaoTpoHa nB3 aa o6ecne4eH~e npe
KpacH~x ycnoa~~ pa6oT~ Ha ny4Kax ycKopeHH~x RAep, 
~.n.ra HrpcKoMy, B.o.AyH~HY ~ A.B.CKp~nH~KY aa coAe~cTa~e 
np~ aHan~ae 4~CTOT~ M~weHe~. 

Jlumepamypa 

1. Tan i ~ata I. Proceeding of 7-th High Energy ~eavy lon 
Study. GSI Darmstadt, oct. 8-12, 1984. 

2. Tan ihata I. INS-REP-550, Tokyo, 1985. 
3. Sato H., Okuhara Y., INS-REP-558, Tokyo, 1985. 
4. Proc . XVIII lnt.Cosmic Ray Conf. Bangalor, 1983. 
5. Den i sov S.P. et al. Nucl.Phys., 1973, B61, p.62. 
6. Heckman H.H. et al. Phys.Rev., 1978, C17, p. 1735. 
7. Wes t fall G. D. et al. Phys.Rev., 1979, C19, p.1309. 
8. Aks i nenko V.D. et al. Nucl.Phys., 1980, A348, p.518. 
9. AH~ K~Ha H.X. ~ AP· OHHH, 1-82-553, OHHH, 1982. 

10. Gre i ner D. E. et al. Phys.Rev., 1985, C31, p.416. 
11. Bepew H. ~ AP· B c6.: KpaTK~e coo6~eH~R OHHH, W4-84, 

AY6Ha, 1984, c.10. 
12. ronyTa~H H.A. ~ AP· B c6.: KpaTK~e coo6~eH~R OHH~1. 

W5-84, AY6Ha, 1984, c.8. 
13. Bradt H.L., Peters B. Phys.Rev., 1950, 77, p.54. 
14. Kan Tapb n.n.' T~TOB A.H.' H~. 1978, 28, c.647. 

PyKon~cb nocTyn~na 24 ~~HR 1986 roAa. 
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KparKue coo6u4eHW1 OHJ/H N" 17-86 
Y,llK 539.12 

JINR Rapid Communications No.17-86 

OnHCAHHE MHOmECTBEHHHX nPOUECCOB 
HJI. OCHOBE TPHAHrYn.ffllHH B nPOCTPAHCTBE CKOPOCTE~ 

A.M.oanAHH, A.A.oanAHH * 
flpegno~eH MeTO~ UOCTpOeHHH nonH3~pOB /MHO r orpaH

HHKOB/ B npOCTpaHCTBe OTHOCHTenbHb~ 4-CKOpOCTeH, ~a~
mHH nonHoe onHCaHHe MHo~eCTBeHHh~ npo~eccos. UaH Me
TO~ paccMoTpeHHH oomero cnyqaH, Kor~a nonHoe qHcno 
nepeMeHHb~ OTHOCHTenbHb~ CKOpOCTeH npeBb~aeT qHCno 
CTeneHeH CBOOO~bl. YqeT OC06b!X CBOHCTB nonH3~pOB, · 
o6ycnosneHHb~ KnaCTepH3a~HeH B npOCTpaHCTBe CKOpo
CTeH, a TaK~e yqeT cymeCTBOBaHHH npoMe~TOqHb~ aCHMn
TOTHK H npHHUHna ocna6neHHH KOppenHUHH fi03BOnHeT 
npegnO~Tb anropHTM 06pa60TKH 3KCnepHMeHTanbHb~ ~aH
Hb~ no MHO~eCTBeHHb~ npoueccaM, HCnOnb3Y~mHH MHOrO 
6onbillHH 06~eM 3KCnepHMeHTanbHOH HH~OpMaUHH n cpaBHe
HH~ C HHKn~3HBHb~ UO~XO~OM, 

Pa6oTa BbmOnHeHa B J1a6opaTOPHH BbiCOKHX 3Hep.rHH 
mum. 

Description of Mutiparticle Processes 
on the Basis of Triangulation in the Velocity Space 

A.M.Baldin, A.A.Baldin 

A method of the construction of polyhedrons in the 
relative four-velocity space is suggested which gives 
a complete description of multiparticle proce sses. 
A method of the consideration of a general c ase, 
when the total number of the relative velocity va
riables exceeds the number of the degrees of freedom, 
is also given. The account of the particular features 
of the polyhedrons due to the clusterization in the 
velocity space, as well as the account of the exis
tence of intermediate asyrnptotics and the correlation 
depletion principle makes it possible to propose an 
algorithm for processing much larger bulk of experi
mental information on multiparticle processes as com
pared to the inclusive approach. 

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

*HHH AH CCCP, TpoHUK 
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OnHca HHe npo~eccoe MHomecTBeHHo ro pomAeHHR 4aCTH~ 
B 6onbWOM 4HCne 3KCnepHMeHTanbH~X H TeopeTH4eCKHX paooT 
npOBOAHTCR Ha OCHOBe HH Kn~3HBHOrO nOAXOAa . nocTaHOBKa 
3aAa4H 06 H3Y4eHHH HHKn~3HBH~X cneKTpOB 6~na C~OPMYnHpO
BaHa A.A . noryHoB~M c coTPYAHHKaMH 111, HMH me 6~nH nony4e
H~ orpaHv4eHHR H CneACTBHR, B~TeKa~~He H3 o6~HX npHH~H
nOB KBaHTOBO~ TeopHH nonR AnR 3THX cneKTpoe. HHKn~3HBH~~ 
noAXOA K npo~eccaM 

I +II .. t +2+3+ ..• , /1/ 

rAe I H II - cTanKHBa~~HeCR 4aCTH~~. a 1 ,2,3 H T.A. 
4aCTH~~-npOAYKT~ peaK~HH, B npHH~Hne HCnonbayeT TOnbKO 
He6onbWY~ 4aCTb HH~OpMa~HH 06 3THX npo~eccax /OAH04aC
TH4H~e, ABYX4aCTH4H~e H T.A. pacnpeAeneHHR/. npHH~HnHanb
HaR HenOn HOTa HHKn~3HBHOrO nOAXOAa AnR onHCaHHR orpOMHoro 
o6DeMa H H~OpMa~HH, KOTOpy~ Aa~T COBpeMeHH~e npH60p~, Tpe-
6yeT pa s pa6oTKH 6onee o6~HX noAXOAOB. TaKHe noAXOA~. 
B 4aCTHOCTH, n03BOnR~T nepeCMOTpeTb 6onbWHe MaCCHB~ HH
~pMa~HH , xpaHR~HeCR e 6aHKax AaHH~x. 

6 HaCTOR~e~ CTaTbe npeAnaraeTCR MeTOA, B KOTOpOM HC
nonbsyeTCR BCR AOCTynHaR 3KCnepHMeHTy HH~OpMa~HR 0 MHO
meCTBeHH~X npo~eccax /1/. B pa6oTax 121 Hcnonbaosanocb 
onHCaHHe npo~eccoe /1/ e npocTpaHcTee, T04KaMH KoToporo 
RBnR~TCR 4eT~pexMepH~e CKOPOCTH Ul = p 1 /m 1,HnH 4-HMnynb
C~ 4aCTH~ Pi, AeneHH~e Ha HX Mace~ m 1• OcHOBH~MH 8enH4H
HaMH, OT KOTOp~X 3a8HCRT pacnpeAeneHHR 8epORTHOCTe~ /ce-
4eHHR/, C4HTa~TC~ nonOmHTenbH~e penRTHBHCTCKH-HH8apHaHT
H~e 8enH4HH~: 

pl pk 2 
b - - (-- -) 

lk · m 
1 

mk - 1] ' /2/ 

HHAeKc~ 1 H k npHHHMa~T aHa4eHHR 1, k = I, II, 1., 2, 3, ••• 
BenH4HH~ blk HMe~T CM~Cn OTHOCHTenbH~X paCCTORHH~ B npoCT
paHCT8e 4-cKopocTe~. 04e8HAHO, 4To aaAaHHe 8cex b 1k AnR 
8Cex 4aCTH~ npo~ecca THna /1/ coAePmHT nonHy~ HH~pMa~~~ 
o6 3TOM npo~ecce. TaKaR nonHaR HH~OpMa~HR MomeT 6~Tb 
npeACTa 8neHa AnR KamAoro C06~THR 8 BHAe A08QnbHO KOMnaKT
HO~ Ta6nH~~ 1 (b lk = b kl) • 

B pa 6oTax 12/ 6~nH npHBeAeH~ apryMeHT~ 8 nonbsy Toro, 
4TO HMe HHO 8enH4HH~ b lk , a He nepeAa4H 3HeprHH-HMnynbCa, 
onpeAenR~T CHnY H xapaKTep 83aHMOAe~CT8HR 06DeKT08 1 
H k. B 4aCTHOCTH, 6~no ycTaHo8neHo, 4To a o6naCTH b 1k »1 
aAPOH~ yTpa4H8a~T ponb K8a3H4aCTH~ RAepHO~ MaTepHH 
H 83aHMOAe~CT8He npOHCXOAHT Ha K8apK-rn~HHOM yp08He 
/acHMnTOTH4ecKaR o6nacTb/ . Ha ocHo8e 3To~ HAeH 6~n c~op
MYnHpooaH npHH~Hn ocna6neHHR KoppenR~H~ /3 / ,AaHO H080e 
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Ta5Jmua 

I II 1 2 3 4 5 

I 0 b1 II bu b12 b1s bl4 b 16 

II bin 0 bm bn2 bus bn4 bl16 

bll b1 ii 0 b 12 blS b 14 b16 

2 b 21 b2II b21 0 b28 b24 b25 

3 bSI bSII b81 b82 0 b84 b35 

4 b 41 b4II b 41 b42 b48 0 b46 

5 b 61 b6II b51 b 52 b b 0 
68 54 

... 

onpeAeneHHe CTpy~ 141 ,noKa3aHa YHHBepcanbHOCTb CBO~CTB 
CTpy~, paCCMaTpHBaeM~X KaK 4eT~pexMepH~e 06beKT~ B npoCT

. paHCTBe CKOpOCTe~ /S/. 
0AHaKO OCTaeanHCb HeACH~MH cneAYIOli\He BOnpOCbl: 
1. KaK nonb3oBaTbCA nepeMeHH~MH blk• KOrAa HX 4H Cno 

npes~waeT 4HCno cTeneHe~ ceo6oA~? 
2. Henb3A nH npeAnomHTb perynApH~~ MeTOA o6pa6oTKH 

3KcnepHMeHTanbH~x AaHH~X AnA npo~eccoe THna /1/ npoH3-
eonbHO~ MHOmecTBeHHOCTH? 

3. He Cyll\eCTeyeT nH HOB~x 3aKOHOMepHocTe~ MHomec TBeH
Horo pomAeHHA 4aCTH~, OCHOBaHH~X Ha HOBOM OnHCaHHH 7 

OTBeT~ Ha nepe4HCneHH~e eonpoc~ - ~enb HacTOAll\e~ pa-
6oT~. 

HAeanbH~~ 3KcnepHMeHT AaeT B03MomHOCTb H3MepHTb AnA 
ecex 4aCT~~. y4acTBY~HX e npo~ecce /1/, HX TpexMe pH~e 
HMnynbc~ p 1,3HeprHH E 1 H Mace~ m1 ,CBA3aHH~e H3BeCT H~M 
COOTHOWeHHeM 

2 -+2 2 2 -+ 2 
E I - P 1 '" m I HnH U lo - U I 1 ' /3/ 
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onpeAenRO~~M reoMeTp~~ npocTpaHCTBa CKOPOCTe~. BMeCTO 
4eTblpexMe pHoro npocTpaHCTBa !=KopocTe~ u 1 = p 1 /m1 6naroAa
PR CBO~CTBY /3/ MO*HO paCCMaTp~BaTb TpexMepHOe npoCTpaH
CTBO, KOTOpoe, KaK ~3BeCTHO, RBnReTCR TpexMepHbiM npOCT
paHCTBOM no6a4eBCKOro. HccneAOBaH~~ B03MO*HOCTe~ on~ca
H~R MHO*eCTBeHHbiX npo~eCCOB B npoCTpaHCTBe no6a4eBCKoro 
noceR~eHbl pa6oTbl 3.r.6y6eneea161. 

3KCnep~MeHTaTOpbl npeACTaBnR~T pe3ynbTaTbl CBO~X ~3Me
peH~~ Ka K pacnpeAeneH~R BepORTHOCTe~ /ce4eH~R/ B~Aa 

- 4 

.... .... 4 dp1 
W(EI,p i ,EII,pll , •.• ,Eip1, ••• ) ll -E . /4/ 

1 1 

CocTORH ~e Ka*AO~ ~3 4acT~~ npo~ecca /1/ nonHocTb~ 3aAaeT
CR TpeMR 4~cnaM~ /Hanp~Mep,pllr:, Pty• Piz ./. 4~cno cTeneHe~ 
ceo60Abl AnR ece~ c~cTeMbl N 4aCT~~ onpeAenReTCR KaK 

3N - 6. /5/ 

WecTb 4~cen onpeAenR~T nono*eH~e ~ op~eHTa~~~ c~cTeMbl KaK 
~enoro / 3 KOOPA~HaTbl ~ 3 yrna/. B c~ny np~H~~na OTHoc~
TenbHOCT~ ~HBap~aHTHble pacnpeAeneH~R BepORTHOCTe~ /4j 
3aB~CRT TOnbKO OT OTHOC~TenbHbiX CKOpOCTe~, T04Hee, OT 
penRT~B~CTCK~-~HBap~aHTHbiX Ben~4HH /2/. ~nR OTBeTOB Ha 
nocTaene HHble Bblwe eonpocbl Heo6xoA~Mo nepe~T~ oT nepeMeH-

4 
HbiX 1 ••• , E 1 p 1 ,. .• 1 K nepeMeHHbiM b ik. 4~cno nepeMeHHbiX b ik, 
04eB~AHO , paBHO 

N(N ... 1) 
2 

!61 

H MO*eT 3Ha4~TenbHo npeeblwaTb 4~cno cTeneHe~ cao6oAbl /5/. 
3To o3Ha 4aeT, 4To nonHbl~ Ha6op nepeMeHHbiX b 1k nepeonpe
AenReT c~cTeMy ~ ero Heo6xoA~Mo pa3Aen~Tb Ha ABe rpynnbl, 
B OAHY ~ 3 KOTOpbiX BO~AYT (3N- 6) Ben~4~H, nonHOCTbiO onpe-

N(N -l) 
AenRIO~~X KOH~~rypa~~IO CHCTeMbl, a B APYrY~ . - Te 2 
- (3N- 6) Ben~4~H, KOTOpble MO*HO Bblpa3~Tb 4epe3 nepBble 
~N-6). B c~ny c~MMeTp~~ 3aAa4~ paa6~eH~e Ha rpynnbl MO*Ho 
npoeecT~ npo~3BonbHO. Ka*Aoe pa36~eH~e onpeAenReT Hoey~ 
KOH~~rypa~~~. 4TO pe3KO yeen~4~BaeT CTaTHCT~KY. Hanp~Mep, 

np~ N = 7 ~bl ~MeeM -1 0 4 KOH~~rypa~~i:1, a np~ N = 11 nony-
4aeTcR - 1012 KOH~~rypa~~H. ~nR YCTaHOBneHHR CBR3e~ Me*AY 
pa3n~4Hb1MH Ha6opaM~ b 1k Mbl npHMeHReM Tp~aHrynR~~~ B npOCT
paHCTBe b 1k. TepM~H 11Tp~aHrYnR~~R 11 B ·. reoAe3~~ ~ MaTeMaT~
Ke Ofi03Ha4aeT MeTOA C03AaHHR ceTe~, COCTOR~~X ~3 np~Mbi
Ka~~~X APYr K APYrY TpeyronbH~KOB, ~ B onpeAeneH~~ Ha 
3TO~ OCHOBe nono*eH~R ~X BePWHH. AnR o6~ero cny4aR no
eepXHOCTei:1 TpeyronbH~K~ MoryT 6b1Tb Kp~eon~He~HbiM~. B Tpex-
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MepHOM npocTpaHCTBe ponb npOCTe~WHX 3neMeHTOB /C HMnneK
COB/ Hrpa~T TeTpa3Ap~. H3 HHX COCTaBn~~TC~ MHOror paHHH
KI-1 - nonH3Ap~. npocTpaHCTBO CKOpOCTe~ ~Bn~eTC~ TpexMep
H~M npOCTpaHCTBOM no6a4eBCKOrO 1-1 ero CHMnneKCaMH ~Bn~~T
C~ TeTpa3Ap~. nonH3AP~, BepwHH~ KOTOp~x npeACTaBn~~T C0-
5o~ T04KH U I, U k• U j, a CTOpOHbl paBHbl . b lk , b lj , 
bJk , ••. , nonHoCTb~ onpeAen~~T paanH4H~e KOH~Hrypa~HH, 
npH4eM An~ OnpeAeneHH~ KOH~Hrypa~HI-1 AOCTaT04HO (3N - 6) 
BenH4HH blk' a OCTanbH~e paCCTO~HI-1~ Me~AY eepWHHaMH nOnH-
3Apa MO~HO Ha~TI-1 B~4HCneHH€M, HeCMOTp~ Ha TO, 4TO B 3K
cnepHMeHTe OHH H3Mep~~TC~. nepeonpeAeneHHOCTb paCCMaTpH
BaeM~X cHCTeM - 6onbwoe npeHMy~ecTBo npeAnaraeMor o Me
TOAa. 8 Ka4€CTBe HCXOAHOrO 6a3HCHoro TpeyrOnbHHKa la,~,y} 
MO~Ho ea~Tb n~6o~, HanPHMep, II, II, I I, I I, I, 2 1 1-1 T.A. 
KoopAHHaT~ BCeX T04eK (i f. a, i f.~' if. y) MO~HO B~pa 3HTb 4e
pe3 (bal, b~1 , by 1 ).3aAaHHeM eenH4HH ba~• bay• b~Y' bal, 
b~p by1 , bak, b~k, byk .•. nonHoCTb~ onpeAen.ReTc~ oT
HOCHTenbHoe nono~eHHe ecex· 4aCTH~ npol.lecca /1 I e npocT
paHcTee CKOPOCTe~. HeTPYAHO nOAC4HTaTb, 4TO 4Hcno 3THX 
eenH4HH paBHO 4HCny CTeneHe~ CB060Abl /5/: 3 + 3(N- 3) =3N-6. 
Ha 3Toro paccMoTpeHH~ TaK~e cneAyeT, 4To . eenH4HH~ b)k 
np~-1 if. a , i f, ~ , if. y,H k o/ a , k ~ ~' k f. y ~Bn~~TC~ 3aBHCW 
MbiMI-1 OT eenH4HH bik, BXOA~~HX B nocTpOeHHbl~ TaKHM o6pa30M 
11 KapKac 11

• HaMH B~4HcneH~ cooTeeTCTBY~~He ~K06HaH~ nepe
xoAa OT OAHO~ COBOKynHOCTH He3aBHCHM~X nepeMeHH~X K APY
ro~. np~-1 npoHaeonbHOM e~6ope H3 N(N- l)/2 eenH4H H 3N -6 
He3aBHCHM~X nepeXOA OT OAHOro Ha6opa K APYroMy COAeP~HT 
AOBOnbHO rpOM03AKHe B~KnaAKH, KOTOP~e 6~nH npoeeAeH~ Ha 
OCHOBe aHanHTH4eCKHX B~4HCn€HH~ Ha 38M. np~MO€ B~4HCne

HHe ~K06HaHOB AaeT CTpOrH~ H OAH03Ha4Hbl~ OTBeT Ha Bonpoc 
0 TOM, KaK nOnb30BaTbC~ nepeMeHHbiMH blk' !<OrAa HX 4 HCno 
npee~waeT 4HCno CTeneHe~ CB060AW. HBH~~ BHA ~K06HaHOB 
H3-aa HX rpOM03AKOCTH 3AeCb He npHBOAHTC~, HO An~ no
cneAY~~ero Hano~eHH~ OH He o6~aaTeneH. PacnpeAeneHH~ no 
pa3nH4H~M Ha6opaM nepeMeHH~X nony4a~TC~ B CQOTBeT CTBHH 
c TeopHe~ eepo~THOCTe~. HanpHMep, ecnH Hac HHTepe cy~T 
ABYX4aCTH4H~e pacnpeAeneHH~, HnH Koppen~Top~, TO Heo6-
XOAHMO nonb30BaTbC~ CYMMO~ eepo~THOCTe~: 

+ I W (b t:J ) db t:J + I W(b ) db yt + I W (b lk ) db lk 171 
I 1-'l 1-'1 I yl ik 
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KaJK,qoe H3 3THX OAHOMepHbiX W HaXOAHTeR HHTerpHpOBaHHeM 
nonHoro paenpe,qeneHHR e y4eToM eeRse~ MeJK,qy nepeMeHHbiMH. 
KaK BHAHO 1-13 BblpaJKeHHR /7/, QHO, B OTnH4He OT HHKn~3HB
HbiX paen pe,qeneHH~, eo,qepJKHT nonHy~ HH~opMa~H~. B 3To~ 
eBR3H He06XOAHMO OTMeTHTb, 4TO npHMeHeHHe /7/ K paenpe
,qeneHHRM , nony4aeMbiM Ha TpeKOBbiX npH6opax, ,qaeT orpoMHY~ 
,qononHHTenbHY~ HH~OPMa~H~ sa e4eT nepe6opa eeex BHAHMbiX 
TPeKoB. Cne,qyeT OJKHAaTb, 4TO perHeTpa~HR HeBHAHMbiX /Ha
npHMep, He~TpanbHbiX/ 4aeTH~ nHWb yeenH4HT eTaTHeTHKY 
B eyMMe / y/, HO He H3MeHHT pesynbTaTa, T.K. B HaWeM no,q
xo,qe eee 4aeTH~bl exo,qRT paeHonpaeHo. O,qHoMepHble, ,qeyMep
Hble H Tpe xMepHble paenpe,qeneHHR no b1k o6cym,qanHeb pa
Hee /2·4/ • .QnR Toro 4T06bl e MHoroMepHbiX paenpe,qeneHHRX no 
bik ynOBHTb ,qoeTaT04HO o6~He H npoeTble 3aKOHOMepHOeTH, 
Heo6XOAHMO ynpOeTHTb sa,qa4y. ~3 pa60T /3,4/ ene,qyeT, 4TO 
npH b 1k _,. oo HaeTyna~T aeHMnTOTH4eeKHe peJKHMbl, xapaKTe
pH3Y~~HeCR YfibiBaHHeM paenpe,qeneHH~ eepORTHOeTe~ W e poe
TOM b 1k H. ,HX paena,qeHHe.M 13 •41Ha MHOJKHTenH /npHH~Hn oena6-
neHHR KOppenR~H~/. B 4aeTHoeTH, TaKHe MHOJKHTenH xopowo 
OnHebiBa~T eTpyH KaK YHHBepeanbHble 3aKOHoMepHOeTH MHOJKeeT
eeHHOrO pom,qeHHR 4aeTH~ 14•51• 0AHHM H3 HaH6onee ey~eeTeeH
HbiX BbiBOAOB pa6oT, noeBR~eHHbiX aHanH3Y MHOJKeeTBeHHbiX npo
~eeeoB B npoeTpaHeTBe b 1k , RBnReTeR BbiBOA 12 •81 0 e~eeT
BOBaHHH ABYX xapaKTepHbiX paeeTORHH~ /KOppenR~HOHHbiX ,qnHH/ 
B npoeTpa HeTBe OTHOeHTenbHbiX eKopoeTei:1 b 1- 0,01 /R,qepHbl~ 
MaewTa6/ H b 2 - 1 /KeapKOBbl~ MaewTa6 121 I. 3THM aenH4HHaM 
AOnJKHbl eOOTBeTeTBOBaTb ,qee npOMeJKyT04Hble aeHMnTOTHKH: 
bafj ».b l H ba(j>> .b 2 • 0Te~,qa ene,qyeT, 4TO BepORTHOeTI-1 W KaK 
~YHK~I-11-1 nepeMeHHbiX b 1k ,qonJKHbl o6na,qaTb eeoi:1eTBaMI-1 aBTO
MO,qenbHOe T!-1 no nepeMeHHbiM bafj• npi-1HI-1Ma~~I-1M ae!-1MnTOTI-14eeKI-1 
6onbWI-1e 3Ha4eH!-1R: 

A bfjt 
W (bafj • bat • bfj1' bUr., ••• )..,. ·W(bat • -,bur. 

(b afj) m b afj 
' ... ) . 

napaMeTpbl A "' m HaXOARTeR 1-13 3Kenep!-1MeHTa l-1nl-1 npe,qeKa-
3biBa~TCR Teop1-1e~. 8 er.1ny Tp!-1aHrynR~I-10HHbiX eBR3e~ yenoe1-1e 
b afj..,. oo e ne4eT sa co6o~ cTpeMneH!-1e K 6eeKoHe4HoeT!-1 HeKo

TOpblx ,qpy ri-1X btk> B HaweM npHMepe b{jt'B eHny TPI-1rOHOMeTpi-1H 

b fjt 
no6a4eec Koro OTHoweH!-1e -- ... x 1 , r,qe x 1 - nepeMeHHaR eee-

bafj 
Toeoro ~poHTa .qnR 4aeTH~bl 1. B HepenRTI-1BHeTCKo~ o6naeTI-1 
/nepeo~ npoMeJKYT04HO~ ae!-1MnTOTHKI-1/, r,qe np1-16n1-1JKeHHO enpa
eeAni-1Ba r eoMeTPI-1R EeKn1-1,qa, x 

1 
... 1. AeTOMO,qenbHOeTb eenH-

4HH W RBnReTeR r1-1noTeso~ "' Tpe6yeT ,qanbHe~wero 3Kenep!-1-
MeHTanbHoro o6oeHOBaHI-1R. 
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C Y4eToM ~anomeHHoro npeAnaraeTCA cneAY~~~H anrop~TM 
o6pa6oTK~ 3Kcnep~MeHTanbH~x AaHH~X no MHomecTBeHH~M npo-
4eccaM: 

1. CocTaeneH~e Ta6n~4 1 AnA KamAoro co6~T~A. 
2. B~AeneH~e KnacTepoe. AnA 3Toro noMe4aeM e Ta6n~-

4aX 1 Man~e een~4~H~ b 1k ;S 1. 4~cno TaK~x een~4~H e cTpo
Ke /~n~ CTon64e/ onpeAenAeT pa3Mep KnacTepa, a noPAAKoe~e 
HOMepa OnpeAenA~T Te 4aCT~4~, KOTOp~e BXOAAT B Kna c Tep. 
Hanp~Mep, nyCTb B CTPOKe 1 /cTon64e 1/ Man~M~ OKaaan~Cb 
b

1 
II, b 12 ~ b 14 • 3TO 3Ha41H, 4TO B KnacTep BXOAAT T04K~ 

ul,uii ,u2,u4. 
3. HaxomAeH~e 4eHTpanbH~x T04eK KnacTepoe 

luk 
V~- ~ T.A. CyMM~poeaH~e npoeOA~TCA 

-J(luk)2 
T04KaM KamAoro KnacTepa, aHanor~4HO TOMY, KaK 3TO ena
eTCA np~ onp~AeneH~~ oceH CTPYH /4/. 

4. nocTpoeH~e Tp~aHrynA4~~ AnA KamAOrO co6~T~A C ~c
nonb30BaH~eM e Ka4ecTee eepw~H 6aa~cHoro TpeyronbH~ Ka 

T04eK V a, V ~, V y. H~KaK~x npeAnonomeH~H noKa CAe naHo 
He 6~no. no nocTpOeH~~: (Va v ~) » 1, (Va Vy) » 1' (V~ Vy) » 1. 

5. HaHAeHHoe pacnpeAeneH~e cornacHo np~H4~ny ocna6ne
H~A KOppenA4~H ~ r~noTe3e 06 aBTOMOAenbHOCT~ AOnmHO ~MeTb 
cneAY~~~H ac~MnTOT~4eCK~H B~A: 

b 
b ~y) • wa (bal b /31 . byi 

A ·f(~ ) X /8/ 
m ' --. ... 

(ba~) ba~ ba~ ba~ bay 

~ bak byk baj b ~J. 
x W (ba~ 'b ~k' - ... ) .wY(-; 

b~y· 
b yj ' ... ) 

b f3y bay 

AHan~a 3Kcnep~MeHTanbH~X AaHHbiX no cTpyAM 14•51 noKa a~eaeT, 
4TO $QpMyna /8/ COOTBeTCTeyeT 3KCnep~MeHTY, a ~YHK4 ~~ 
W a , W ~ , W y ABnA~TCA yH~Bepcanb H~M~ ~ on~C~BaiOT ~ 30n~
pOBaHHble KnacTep~. Heo6xoA~Ma AanbHeHwaA 3Kcnep~MeHTanb

HaA npoeepKa 3Toro yTeepmAeH~R. KaK B~AHO ~3 ~opMyn~ /8/, 

xapaKTePHble oco6eHHOCT~ npo4ecca onpeAenA~TCA MHom~TeneM 
A bay b~y 

-----f(----,---).3roT MHom~Tenb AOnmeH on~cbiBaTbC Teo
(ba~ )ID ba~ ba~ 
pHeH B03MY~eH~H KXA /eM., Hanp~Mep, o6aop 171/. Heo6xoA~-
Mo TaKme OTMeT~Tb, 4TO /8/ MOmHO paCCMaTp~BaTb KaK o6o6-
~eH~e CUITOMOAenbHOCT~ ~ 3HaMeH~TbiX ~OpMyn KBapKOBor o C4e-

, Ta MaTeeeea, MypaARHa, Taexen~Aae. ~OPMYna /8/, no CYT~ 
Aena, RBnReTCR napaMeTp~3a4HeH 3Kcnep~MeHTanbH~X AaHH~X 
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no MHOHeCTBeHHbiM npOI..IeCCaM. rr.moTesa 0 CYIIteCTBOBaHI-11-1 npo
MemyT04H~X aCI-1MnTOTI-1K 1-1 np1-1H1..11-1n ocna6neH!-1R KOppenRI..II-1~ 

pe3KO yMeHbWa~T 41-lCnO He3aBI-1CI-1M~X KOH~Hrypa1..11-1~ /nOnH3A
poB/ B npOCTpaHCTBe CKOPOCTe~, B~AenRR HaH6onee BepORTH~e. 
Hsy4eHHe CBO~CTB H30n!-1pOBaHH~X Ci-1CTeM, T.~. CI-1CTeM, On!-1-
CbiBaeMbiX YHHBepcanbHbiMH ~yHKI..II-lRMI-1 Wa, W , Wy 1-1 T.A., 
TOnbKO Ha4anocb. noKa I-13Y4anHCb ni-1Wb OAHOMepH~e xapaK
Tep!-1CTHKH, a OHI-1 /s cny4ae BTopo~ aci-1MnTOTI-1KH bafJ >> l I 
COAepmaT BamHy~ HH~OPMal..ll-1~ 06 aAPOHI-13ai..IHI-1 KBapKOB 1-1 rn~o

HOB. B 2ny4ae nepso~ acl-lMnToTHKI-1 ( b afJ » 0,01) , HMe~llle~ 
6onbwoe 3Ha4eHHe AnR H3Y4eH!-1Rf3penRTHBHCTCKHX RAePHbiX 
CTOnKHOBeHH~, ~yHKI..IHI-1 W a , W , W''Y 1-1 T. A. COAepmaT HH~p-
Mal..ll-1~ 0 COCTORHHRX npeAenbHO B~COKHX B036YmAeH!-1~ RAePHO~ 
MaTepHH, 0 HyKnOHHbiX KnaCTepaX. 

Hs ~opMynbl /8/ TaKme cneAyeT samHoe pasnH41-1e cso~cTB 
aBTOMOAenbHOCTH 1-1 MacwTa6Ho~ HHBap!-1aHTHOCTH. HaM npeA
cTaBnReTCR, 4TO OnHcaHHe MHOmeCTBeHHbiX npOI..IeCCOB Ha OCHO
Be TPHa HrynRI..II-11-1 B npOCTpaHCTBe CKOpOCTe~ HMeeT xopowy~ 
nepcneKTHBY KaK AnR 1..1eneHanpasneHHbiX nocTaHoBOK 3KcnepH
MeHTa, TaK H AnR aHan!-13a orpOMHbiX 06"beMOB HH~OpMai..IHI-1, Ha
KOnneHH~X B 6aHKaX AaHHbiX no MHOmeCTBeHHOMY pOmAeHI-1~ 4aC
THI..I. 
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Kpancue coo6U4eHW1 OHJ/H N°17-86 
Y.IlK 539.126 

J/NR Rapid Communications No.17-86 

PAGnA.U K~ .. yy B KHPAJlbHOt'l TEOPHH 

A.A.6enbKoe*, ~.n.KanHHoecKHH*~ B.H.nepeywHH 

B paMKax KHPaJibHo:il: TeopHH paccMoTpeH pacnaA K~ .. yy. 
llarpa~HaH cna6oro B3aHMOAeHCTBHH CTporo YAOBneTBOpHeT 
npaBHny ~T =1/2 H HMeeT BHA 11 TOK X TOK11

, MesOHHble TOKH 
HBnHIDTCH HenHHe:il:HbWH peanHsa~HHMH KHPaJibHOH SU(~ xSU(3) 

CHMMeTpHH, AnH y~eTa MexaHH3Ma K~-+ l2K,2"J~yy He Tpe6y
eTCH BBeAeHHH AOUOnHHTenbHblX tiJeHOMeHonOrH~eCKHX napa
MeTpOB. llony~eHa o~eHKa AnH nap~HaJlbHOH BepOHTHOCTH 

o . w o o - 7 9 I o-7 . pac~aAaK 8 .. y0. (Kg-+yy)/W(K8 ... tot) - , , 
W(KL ... yy)/W(Kg-+ yy) = 8,3. 

Pa6oTa BbinOnHeHa B na6opaTOPHH TeopeTH~eCKOH tiJHsH
KH OIDHf. 

Decay K0 
.. yy in the Chi ra 1 Theory s 

A.A.Bel'kov et al. 

The decay K~ .. yy is considered in the framewo r k of 
the chiral theory. The Lagrangian of weak inter acti
on stricktly satisfies the rule ~T = 1/2 and has 
the current form. The meson currents are a non-
linear realization of SU(3) x SU(3) - chiral 
symmetry. No additional phenomenological parameter is 
needed to take into account the mechanism K~ ... l2K,2"~YY• 
Estimation of the decay branching ratio is found 
W(Kg ... yy)/W(K"g ... all)= 7,9 10"7;W(KJ;+yy)/W(K0

8,. yy) = 8,3. 
The investigation has been performed at the Labora

tory of Theoretical Physics, JINR. 

PacnaAaM K0 (K0
) ~ yy nocBRUieHa o6wHpHaR TeopeTH4ecKaR 

nHTepaTypall-~l.~nepe~e Ha 3TH pacnaA~ o6paTHnH BHHMaHHe 
e CBR3H c B03MO~HOCTb~ Ha6n~AeHHR e HHX CP-HapyweHHR. B 

· pa6oTe Ill 6~nH paccMoTpeH~ MexaHH3M~ pacnaJ-IOB K~ ... j", 3"} ... 2y, 
~s ... 12"1 ... 2y H npoeeAeH HX (j)eHoMe~;tonorH4eCKHH aHanH3. 6~no 

0 0 -noKa3aHo, 4TO eepoRTHOCTH pacnaAOB K8 ... 2y H KL ... 2Y AOn~H~ 

6~Tb OAHoro noPRAKa, H 3<l><!>eKT~ CP-HapyweHHR CBR3aH~ c HH
Tep(j)epeH~HeH pa3nH4H~X COCTORHHH yy -CHCTeM~. 3KcnepHMeH
TanbHOe Ha6n~AeHHe CP-Hapywa~UIHX pacnaAOB Kt-+2" 1101 no3eo
nHno CAenaTb e~BOA o B03MO~HOCTH Ha6n~AeHHR 3<1><!>eKTOB CP
HapyweHHR B nepeXOAaX K; (K~) -+ yy I 231 . 

0AHaKO pacnaA K;~2y noKa He o6Hapy~eH. no3TOMY npeAnpH
HHMa~TCR pa3nH4H~e non~TKH TeopeTH4eCKOH o~eHKH OTHOWeHHR 
* W~B3, llpOTBHHO 

** foMenbCKHH nonHTeXHH~eCKHH HHCTHTYT 27 



W(K~-+ 2y )/W(K~-+2y), TaK, Ha OCHOBaHJ.1H pac4eTOB e/3-9/ O>KH
AaeTCR , 4TO nap~HanbHaR WHpHHa pacnaAa K~-+2y 6yAeT Ha OAHH
ABa nopRAKa 6onbwe, 4eM e pacnaAe Kt .. 2y 1111. B cepJ.1H pa-
6oT181 pacnaA K8-.2y pacc4HTaH c noMo~b~ AJ.1CnepcJ.10HH~x co
OTHoweHH~, H HCCneAOBaH~ pa3nH4H~e BKnaA~ npoMe>KyT04H~X 
COCTOR HHH. noKa3aHO, 4TO AOMHHJ.1py~~J.1M MexaHH3MOM RBnReTCR 
nepe~OA K;-.12rr }-. 2y, H AnR nap~Hanb HOH eepoRTHOCTJ.1 3Toro 
pacnaAa nony4eHa o~eHKa B(K~-+yy),.. 2,0 + 2,5 x 1Q-6, npH 
3TOM e / 8/ narpaH>KJ.1aH cna6oro_.B3aJ.1MCAeHCTBJ.1R 6~n B~6paH B 
6ecTOKOBO~ cpopMe: fw= ,\ x e let· rr)/ 2 K, rAe X ,. ( ~ ) , a KOH
cTaHTa >~- <!>HKCJ.1poeanacb H3 pacnaAa K s .. ""· 

B HaCTOR~e~ pa6oTe AnR y4eTa MexaHJ.13MaK;-.t2KI, {2rrl-.yy 
J.1CnOnb 3yeTCR CTaHAaPTH~~ narpaH>KHaH cna6oro B3aHMOAeHCT
BHR B paMKaX nOAXOAa KHpanbH~X cpeHOMeHonorH4eCKHX narpaH
>KHaHOB , AnR OnJ.1CaHJ.1R cna6~X B3aHMOAe~CTBJ.1H He TpefiyeTCR 
BBeAeHHR AOnOnHJ.1TenbH~X napaMeTpOB. 

narpaH>KHaH cna6oro B3aHMOAe~CTBHR B npeAnOno>KeHJ.1H T04- · 
Horo BblnonHeHHR npae1-1na 16. T 1 "" 1 /2 HMeeT BHA /121 

f w<I6.TJ • 1/2) ,. ~~2d 6 b Ja J b ,. 
y2 a f1 f1 

-J; {( J~-~1 -iJf12)(J:+iJ:)- (J:+ )a J:)(J: + iJ;) + s.c .1. 

Me30HHbl e TOKH J~(i :a 1 , ••• , 8)RBnR~TCR HenJ.1He~H~MH peanJ.1-
3a~J.1RMJ.1 KJ.1panbHOH SU (3) X SU (3) - CHMMeTpHH 
i>l J 1 "' e tg a e -tg 

I "' rll . • 
rAe _g • ~>It¢!} ¢ 1 - nonR OKTeTa nceBAOCKanRpH~X Me30HOB. 

· rr 
Me30HHble TOKH HMe~T BHA 

J,~-iJ 2 --J2F a rr+-i(-i2(rr 0 a rr+) + (K+a go)) 
,.. ll ""' v "' f1 ' 

J: +iJf1
5
=- .,;2 F" ail K--i(~-..(K-a11 rr0

) + (K oall rr-)), 

J 3+ ~~ =-v2 F" a, ( "
0 

+ -7.r=>- i((rr+ a,, rr-) + (K+ a, K-) ), 
f1 . y3 ,.. y2 y6 ,.. ,.. 

6 7 - - 1 _... ... 
J + iJ =- y2 F a K0

- i(- -==.(K 0 a rr0
) + (K- a rr+)), 

"' f1 " f1 y2 ll ll ... 
rAe ( a a11 b) .. aa b- a a.b, 

Hcnonb3YR R/Hbl~ B~ Me30HH~X TOKOB, nony4HM cneAY~He 
narpqH>KJ.1aH~ cna6~x nepeXOAOB: 

OF ... ... 
fw(Kg -+ "+"-) = y2 2 F" lap rr+(Ksap rr-)- a"'Ks (rr+all rr-) I, 
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-Ko- Ko 
Ks = -=--

iy2 
-.==--. v2 

flarpaH~~aH~ 3neKTPOMarH~THOrO B3a~MOAeHCTB~R ~Me~T B~A 

. ( 1) +- .. 
f em = ie(rr+- allrr- + K+ all K- )All. 

f( 2) = e 2(rr+rr-+ K+K-)A~. 
em r 

J_ <~ ~/~ 
/ ' , I 

w I' ' w ," I 
\ I' 

...... l:rt 

Ks 
...... 

' I ' / ...... ~ '-; t " 
Cl i 

K 

w 

K 
& 2 

A~arpaMM~ a- r · Aa~T cneAY~~~e BKnaA~ s aMnn~TYAY pac aAa 
K ; ... y(q 1)y(q 2): 

•: a k 2
- 2q q 

- _r_ 2 F e 2g f dk 1 2 ' 

y2 1T llV (m2-(k+Q1)2)(m2-(k-QJ2) 
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G k 2 
e: r 2 F e 2g f dk ----..::~----:::----~ ' 
"jT rr !111 (m2-(k+q1)2)(m2-(k-q2)2) 

r:G F 2 k2·4kllkll 
- 2 F e J dk -~-~-----;;:------:::----:- · 
..;2 " (m 2 -(k+q 1)2 )(m 2_ (k-q 2)2 )(m 2_ k 2) 

npH Cy MMHpOBaHHH BCeX 4eT~pex BKnaAOB paCXOA~~HeC~ 4aCTH 
B COOTBeTCTBY~~HX HHTerpanax B3aHMHO KOMneHCHPY~TC~, H OKOH-
4aTen b H~H peaynbTaT yme He COAepmHT paCXOAHMOCTeH: 

4k k 
q g .. ----1!-£ 

!111 2 2 m -k 
.. -------·--:or 

2 2 ( 2 2 (m -(k-q 1) ) m -(k-q 2) ) 

- 2 
T1111 (K 8 .. 2y) =y2 GFFrr e 2(qt'q 2 )Jdk 

2 v 11 
= 2e (q

11
v (q1.q2)-q1q2)T(q1.q2). 

3AeCb 

T(q1 q 2) 
_1 3-
(4rrF-;}2 GF" .j2!I(,;)- 1!, 

Hi) 1 1 ; e+Je2-4e 
"' 2 · -ln (----- ---,;- e -..;,;-2-4,;-

) t: 2q1.q2 m2 
' s = --2-- = _ _!L 

m m2 
TT TT 

Bepo~ T HOCTb pacnaAa K8 .. yy B~4HCn~eTc~ no $OpMyne 

a2G2 F2 m3 
W(K~ -+ yy) = F " K rr(I(,;)- 1/, 

(4rr) 4 

1 G 10-5 - 2 F a = - , F = m , 17 = 94 MaB • 
137 p 

0TC~Aa nony4HM 

0 -18 
W(K 8 .. yy) = 0,58 • 10 MaB. 

Bepo~THOCTb pacnaAa KL-+ 2y B~4Hcn~nacb B paMKax KHpanb
HOH Te OpHH I 131 B npeAnonomeHHH, 4TO OCHOBHbiM MeXaHH3MOM 
~Bn~eTC~ nepe.XOA Kr> {rr~ TJ l-+ 2y, a TaKm.e B MOAenH KBap
KOB~X neTenb/ 141: W(KL ... yy) = 4,8 x 10-18 M3B. 3Ta senH-
4HHa YAOBneTBOPHTenbHO cornacyeTc~ c 3KcnepHMeHToM 116/ : 
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W(Ko-+ yy) 3Kcn. = /6, 22:!: 0 ,52/ x 10-18 M3B. 
taKHM o6pa30M , AIIR pacnaAOB l{~ (K'i)-+ yy nOI1Y4HM CJleAyi0-

11\He 04eHKH : 

W(Kg -+ yy ) W(K{> yy) 
----- ~ 7,9 · 10-8 ; :c 3,8 · 10 -~ . 
W(K'g-+ tot ) W(K~-+ tot) 

noJ1y4eHH~~ AJlR pacnaAa K~-+ yy pe3yJ1bTaT no Kpa~He~ Mepe 
Ha nOPRAOK HH>Ke , 4eM BeJ1H4HHa B Ko ,. 1 + 3 X 1 0-S , B~-
4HCJ1eHHaR B / 3-9/ S-+ yy 

Jlum epamypa 

1. Oreitlein J., Primakoff H. Phys. Rev., 19G1,124,p . 2G8. 
2. Sehgal L.M . , Wolfe nstein L. Phys . Rev., 1967, 162 , 

p.1362. 
3. Mart i n B.R., de Rafael E. Phys .. Rev., 1967, 162, p.1453. 
4. Martin B. R., de Rafael E., Smith J. Phys. Rev., 1970, 

02,p.179. 
5. Yndurain F.Y. Progr. Theor. Phys., 1971, 46, p.990. ~ 
6. Kohara Y. Progr. Theor. Phys., 1972, 48, p.261. 
7 . Goble R. L. Phys. Rev., 1973, 07, p.937. 
8. Uy Z.E.S. Phys. Rev., 1971, 03, p.234; 1973, 019 , 

p. 1623; 1983, 027, p . 300; 029, 1984, p.574; 032 , 1985, 
p.312 . 

9. Gaillard M.K., Lee B.W. Phys. Rev., 1974,010, p . 897. 
10. Christenson J.H. et al. Phys. Rev. Lett., 1964, 13, 

p. 138. 
11. BHwHeacKH~ M.E. 0AHHHaA4aTaR wKona $H3HKH HT3$, M. , 

1984, Bbln.1, c.3. 
12. CaKypaH .Q>t<. ToKH 1-1 Me3oHbl. ATOMH3AaT, 11.; 1972. 
13. BollKOB M.K. H$, 1978, 28, c.1962. 
14. Ivanov A. N., Troitskaya N.l., Volkov M.K. JINR, 

E2-85-736, Oubna, 1985. 
15. Barmin V.V. et al. Phys. Lett., 1973, 47B, p.463 . 
16. POG, Phys.Lett., 1982,8111. 

PyKonHCb nocTynHJla 17 anpeJlR 1986 roAa. 
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KpaTKue coo6rqeHUJI OHJIH N° 17-86 
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JJNR Rapid Communications No.17-86 

06 OAHOA PEAfl~3AU~~ ~CKfl~4~TEflbHWX AnrE6P E6 ~ Es 

HryeH BaH Xbey, HryeH XyHr moH 

!1CKJIIO'IHTe.nnHbie arrre6pbi llH E 6 H E8 peaJIH3YIOTCH 
B TepMHHaX KOBapHaHTHbiX onepaTOpOB, npeo6pa3YIOIIIHXCH 
KaK CKa.JIHpbl, CTIHHOpbl, BeKTOpbl H aHTHCHMMeTpH'IHbiH TeH-
30P ~0 OTHOmeHHIO K TIOAanre6pe 80(10) B ~enot~Ke pe
AYK~HH E 8 ) E 6 ® SU(3) , E 6 ) SO (10) ® U(1) • IlpHBOAHT
CH B HBHOM BHAe BCe KOMMyTa~HOHHble COOTHOmeHHH. 

Pa6oTa BbiTIOnHeHa B na6opaTOPHH TeopeTHtleCKOH <l>H-
3HKH mum. 

On a Realization of the Exceptional Algebras 
E6 and Es 
Nguyen Van Hieu, Nguyen Hung Son 

The exceptional Lie algebras E 6 and E8 are rea
lized in terms of the covariant operators transformed 
as s calars, spinors, vectors and an antisymmetric ten
sor under the subalgebra 80(10) in the reduction chain 
E 8 ) E 8 ® 8U(3) , E 6 ) 80(10) ® U(1). All commutation 
rel a tions are given explicitly. 

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

B .nocneAHee ~peM~ wHpoKo o6CY*AaeTc~ B03MD*HOCTb coaAa
HH~ eAHHO~ MOAenH 3neMeHTapH~X 4aCTHU H HX B3aHMOAe~CTBH~, 
OCHOBaH HO~ Ha TeopHH CynepCTpyH~ 6e3 aHOManHH B 10-MepHOM 
npocTpa HcTee c KanH6poeo4HO~ rpynno~ E 8 ® Es'11• TaKa~ Teo
PH~ ADO YCKaeT cynepCHMMeTpH4Hy~ COOHTaHHY~ KOMnaKTH~HKa
UH~ Ha n p~MOM npOH3BeAeHHH npOCTpaHCTBa MHHKOBCKOrO H 6-
MepHoro KOMnaKTHoro MHoroo6pa3H~ c rpynno~ ronoHOMHH 
8U(3) 12 1 • ~a-aa HanH4H~ 6onbworo 4Hcna reHepaTopoe /248 
An~ anre6pbl E8 I H3BeCTH~~ 6aaHc KapTaHa oKaa~eaeTc~ 
HeYA06H~M An~ npHMeHeHHR K H3y4eHH~ KOHKpeTH~X 3aAa4 ~H-
3HKH 3neMeHTapH~x 4aCTHu. B HaCTOR~e~ pa6oTe nony4eH~ 
KOMMyTaUHOHH~e COOTHoweH~~ AnR HCKn~4HTenbH~X anre6p Ee 
H E 8 B 80(10)-KOBapHaHTHOM 6a3HCe, COOTBeTCTBy~eM ue-
004Ke E 8 ') E 6 S 8U(3) , E 8 ) 80(10) 8U(1) H YA06HOM An~ 
npoBeAeHH~ paaMepHO~ peAYKUHH, Hapywa~~e~ CHMMeTpH~ OT 
E 

8 
AD E8 /S/. 

noAanre6pa 80(10) o6naAaeT 45 reHepaTopaMH 8 lj "'-S Jl , 
1, J = 1 , 2, ... , 1 0. KpoMe HHX anre6pa E6 coAeP*HT 80(10) -
CHHrneT 8 H ABa 80(10) -cnHHOpa S & H 8 a , npeo6paay~HX
C~ no CO HHOpH~M npeACTaeneHH~M 16 H 1b COOTBeTCTBeHHO. 
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Y,qo6Ho TaK>Ke nonb3oBaTbCR 32-KoMnoHeHTHbiM cni-!HopoM SA, RB
IlR~~~-~MCR npRMO~ CYMMO~ 3T!-!X ,(IBYX Henp!-!BO,(II-!MbiX npe,qc TaBne
HI-1~: 

A ""a + 18 :::_17. 

SA""{Sa, 

Sa ' 

A ""a < 18 

E,q!-!Hbl~ 32-3Ha4Hbl~ 1-!H,(IeKc 3aMeH!-1M Ha Ha6op nRTI-1 ,qeyx-
3Ha4Hb1X 1-!H,(IeKCOB A ... ln1, n2 'ns, n4, n 5 I'' n i = 1 ,2. Tor,qa 
MOlKHO 3an!-1CaTb MaTp!-!~bl Al-lpaKa ri B 10-MepHOM npocT paHCTBe 
B KOMnaKTHOM B!-!,(le: 

r1 u1 9 1 e 1 9 1 9 1 ' r., = u 2 81 9 u1 9 us 9 us 

r2 = u2 e us e us e use as r, u 2 e 1 e 1 8 U2 8 Us 

·fs "" a2 8 u 2 e C7 s e as e e7s rs =u2318 l 8 a 1 8 Us 

r4 a28 U1 8 US (8 US 8 US fg a 2 8 1 8 I 8 I 3 a 2 

r5 a 2e 1 e u 2 e as e as r 10"' a 2 e l ·® 1 e 1 e ai. 

B paccMaTp!-!BaeMoM 80(10)-Koeap!-!aHTHOM 6a3HCe a nre6-
pa E6 peani-13YeTCR cne,qy~1-1M o6pa3oM: 

[ S ij ' SA] 
1 - 2 ( I lj ) A B S B ' [ s ij 's] = 0 ' 

' 

/2/ 

[SA ,SB] 
1 "4 (X IJ ) A B S lj + YABS, 

[S, SA] "'17ASA, 17. _.!_ 17 =.! 
& 4 & 4 

rAe 

I iJ 
l 

""-[r1 ,rJ], X IJ = I iJ CY , 
2i 

/3/ 
y = - iu 2 9 u 2 9 u1 9 (72 9 (] 1 c = -as e 1 e 1 9 191. 

reHepaTOPbl no,qanre6pbl SU(3) e ueno4Ke E 8 ':::J E6 8 SU(3) 
o6o3Ha4!-1M Qm• m = 1 ,2, ... ,8. OcTaJlbHble reHepaTOPbl an-

3? 



re6pbl E8 o6paayiOT npe,qcTaeneHII1fl /27.3/ 111 /27.3/ no,qanre6-
Pbl E 6 e SU(3). npe,qcTaBneHII1e 27 anre6pbl E 6 paanaraeTCfl 
Ha npf!MYIO CYMMY npe,qcTaeneH111H 10, 16 111 1 no,qanre6pbl SU(lO). 
no:HOMY Mbl 111MeeM cne,qy10111111e reHepaTopbl a~e~pbl E 8 , npeo6-
pa3YIOIII111eCfl no npe,qcTaeneH111l'IM /27.3/ 111 /27.3/ no,qanre6pbl 
E 6 e SU(3) COOTBeTCTBeHHO: Tta, Taa, Ta 111 Tf, T~, Ta, 
i= 1, 2, ... ,10, a= 1,2, ... ,16, a= 1,2,3. a 

KOMMyTa~II10HHble COOTHOWeH111fl Mem,qy H111MII1 111 reHepaTOpaMII1 
no,qanre6pbl E 6 onpe,qenf!IOT TaKme ~YHAaMeHTanbHoe npe,qcTae
neHII1e 27 111 conpf!meHHoe eMy npe,qcTaeneHII1e 27 3TOH no,qan
re6pbl : 

[ S lJ , T ka] = i IB ik T Ja - 8 Jk T ta I , 

1 
[ S tj • T aa l = - 2 (Iij ) ab T ba • [ S tj , T a1 "' 0 , 

[Sa • T ia ] = 0 • [Sa ' T ba ] = - (I' t Y) ba T la ' 
/4/ 

[Sa• Ta] T aa • 
1 

[ S i. • T ia ] = 2 (I' i ) i. b T ba • [ S & • T ba] = 0 ' 

[ S i. , T a ] = 0 , [ S, T i a ] = ! T ta , [ S, T aa1 = - ! T aa , 

[ S,. T .. ] = - T ci , 

111 aHanorii14HO .Qnfl T~, Tf, T a 

OcTanbHble KOMMYTa~1110HHble cooTHoweH111fl anre6pbl E8 111Me10T 
BII1A 

[ 
1 y 

T ta , T Jf:3 ] = 2 £ a{:3y 8 tJ T 

f3 i {:3 f3 1 f3 
[Tla ,TJ] =-28aStj -oljQa- 381J BaS' 

/51 

[T
1 

, T ~] = £ ~ .!..(r
1

) ·b Ty , 
a a,... a,...y 2 a 6 

[Tta• T f1=- io~(ft )ab Sb, [Tta'Tf:3] =taf:3yT[,[Tta'T~= 0, 

[Taa• T b~=Eaf:3y(ft Y)abT~, 
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[ T T f3 ] l (X ) S 8 {3 + 2Y ·b Q f3 - .!. Y • 8 f3 S , aa ' b = 4 ij ab ij a a a 3 ab a 

rAe Am - MaTpl-1~bl renn-MaHHa rpynnbl SU(3). 
3aAaH1.1e anre6pbl E8 B BI.1Ae SO(lO) - KOBapl.1aHTHbiX cooT

HoweHH~ /2/-/5/ OKa3b1BaeTC~ YAOfiHbiM MeTOAOM np1.1 H3Y4eHHH 
E6 -cHMMeTpHH, nony4eHHo~ B peaynbTaTe cnoHTaHHoro Hapywe
HH~ E 8 -cHMMeTPI-11-1. 

Jlum epamypa 

1. Green M.B., Schwarz J.H. Phys.Lett., 1984, 149B , 
p.117. 

2. Candelas P. et al. Nuci.Phys., 1985, B258, p.46 . 
3. Witten E. Phys.Lett., 1985, 155B, p.151: 
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KpaTKue coo6~qeHUR OHJ/H N" 17-86 
Y):(K 539.172.4 

J/NR Rapid Communications No.17-86 

11CCilEAOBAH11E PEAKI.l1111 7 
Be (n, p) 

7 Li 
B 06JlACTI1 3HEPfl111 HE~TPOHOB OT 0,025 AO 500 3B 

~.M.rne~eHoB, T.C.3Baposa, M.ll.MHTPHKOB, P.C.MHTpHKoBa, 
ID.ll.llonos, B.H.Cana~KHH, ~yHr BaH 3yaH 
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llpoBe~eHO nepBoe H3MepeHHe 3HepreTHqeCKOH 3aBHCHMO
CTH ceqeHHH peaK~HH 7Be(n,p) 7Li • Hcnonb30BaHa HeCTaH
~ap~HaH MeTO~HKa H~eHTH¢HKa~HH HH3K03HepreTHqecKHX ga
PHlKeHHbiX qaCTH~ Ha OCHOBe HOHH3a~HOHHOH KaMepbi C ~ByMH 
ce TKaMH. llonyqeHbi 3HaqeHHe Tennosoro ceqeHHH H xo~ ce
qeHHH HCcne~yeMOH peaK~HH B o6naCTH 3HeprHH HeHTpOHOB 
E n snnoTb ~o 0, 5 K3B. lloKa3aHo, qTo npH E n .< I 40 3B 
ceqeHHe no~qHHHeTCH 3aKoHy I /v , r~e v - CKopoCTb 
HeiiTpoHoB. B o6naCTH En- I 40+200 3B B ~syx He3aBHCH
MbiX H3MepeHHHX Ha6nffi~anOCb OTKnOHeHHe ceqeHHH OT KpH
BOH 1/V, KOTOpoe MOlKHO HHTepnpeTHpOBaTb KaK yKa3aHHe 
Ha HanHqHe Y3KOro pe30HaHCa Ha HeHTpOHaX C OTnHqHb~ 
OT HYnH op6HTanbHb~ MOMeHTOM. Bonpoc 0 pe30HaHce, 
onpe~enHffi~eM 6onbmoe I 5 • I 0 4 6/ Tennosoe ceqeHHe, ocTa
eTCH OOKa OTKpbiTb~. 

Pa6oTa BhlOOnHeHa B na6opaTOpHH HeHTPOHHOH ¢H3HKH 
mum. 

On the Study of the 7 Be(n,p) 7L1 React ion 
in the Neutron Energy Range from 0.025 to 500 eV 

.Gl edenov Y~.M. et al. 

The first measurement of the energy dependence of 
the 7 Be(n,p) 7 Li reaction cross section has been carri
ed out using a non-standard procedure of identifica
tion of low energy charged particles with the ioniza
tion chamber with two grids. As a result there were 
ob t ained the thermal cross section and the energy de
pendence of investigated reaction cross section in 
the neutron energy range up to 0.5 keV. It was shown 
tha t at neutron energies below 140 eV the cross sec
tion followed the 1/v law, where v was the neutron ve
loc ity. Two independent series of measurements have 
revealed a deviation from the 1/v law in the region 
E

0
- 140+200 eV which might have probably been ascribed 

to the presence of a narrow resonance on neutrons 
wi t h orbital momenta different from zero. The ques
tion about the resonance responsible for the large 
(5. 10 4 b) thermal cross section remains still open. 

The investigation has been performed at the Labo
ra t ory of Neutron Physics, JINR. 



1. Bee oeHue 

8 paMKaX HaWeH nporpaMM~ HCcneAOBaHHH peaK~HH (n,p) 
Ha HeHTPOHOAe!llH~HTHbiX RApax I l,2/ 6blnH npoBeAeHbl H3Me peHHR 
ce4eHHR peaK~HH (n, p) Ha paAHOaKTHBHOM RApe-MHWeHH 7 Be. 
Ao CHX nop Ha 3TOM RAPe 6blnH nony4eHbl nHWb ce4eHHR peaK
~HH 7 Be(n, p) 7 Li , 7 Be(n, a) 4 He H 7 Be(n, ya ) 

4He Ha rennoebiX 
HeHTpOHax/3-6~ nH60 3Ta o6naCTb B036ymAeHHH COCTaB HOrO 
RAPa 8 Be H3Y4anacb c noMOI!IbiO npoTOHHbiX peaK~HH Ha RAPe 
7 Li /6- 10( 

HccneAoeaHHR 3HepreTH4eCKOH aaBHCHMOCTH ce4eHHR eaK
~HH 7 Be(n, p) 7 Li 6blnH HeAaBHO Ha4aTbl Ha HOBOM CBeTOCHnll
HOM cneKTpoMeTpe Ha 6aae npoTOHHoro HaKonHTenbHoro onb
~a B noc-AnaMoce/lV, HO !llH3H4eCKHe peaynbTaTbl noKa He 
onyfinHKOBaHbl, 

B HaCTORI!IeH pa6ore npHeeAeHbl nony4eHHble enepeble eaynb
TaTbl HCCneAOBaHHR peaK~HH '7 Be(n, p) 7 Li Ha MeAneHHbiX eA
TPOHaX B o6naCTH 3HeprHH OT 0,025 AO 500 38. 3KcnepHMeHT 
6bln BblnonHeH Ha 30-MerpoeoH nponeTHOH 6aae peaKTopa 
H6P-30, KOTOpbiA pa6oran B 6ycrepHOM pe~HMe npH cpeA eA 
MOI!IHOCTH 13 KBT H 4aCTOTe HeHTpOHHbiX HMnynb<OB 100 c -t. 

2 . Me moouKa 3Kc ne puMe Hma 

HaMepeHHe 6blno npoeeAeHo Ha ocHoee onHCaHHoA a pa6ore 1 121 

MeTOAHKH HAeHTH!IlHKa~HH HH3K03HepreTH4HbiX aapR~eHHbiX 4a
CTH~. 8 Ka4eCTBe AeTeKTOpa HCnOnb30BanaCb AByxceK~HOHHaR 
HOHH3a~HOHHaR KaMepa, COCTORI!IaR H3 ABYX HAeHTH4HbiX HOHH3a
~HOHHbiX KaMep C ABYMR CeTKaMH /HKAC/ C 061!1HM B~COKOBOnbT
HbiM 3neKTPOAOM. HcnonbaoeaHHe AOnonHHTenbHoA ceTKH noaeo
nReT BbiAenHTb npOTOHbl OT !llOHOBbiX 4aCTH~ APYroA npHPOAbl 
fa -4aCTH~bl H 3neKTPOHbl/. Ha noeepxHOCTH BbiCOKoeonbT Horo 
3neKTPOAa HaHeCeHbl C OAHOH CTOPOH~ MHWeHb 6 Li 2C0 3 , a C 
ApyroA - MHWeHb H3 7Be aKTHBHOCTbiO 2,2·108 6K . nocneAHRR 
6blna npHroroeneHa H3 pacr.eopa BeCJ 2 , BblnapeHHoro Ha 
50 MKM nOAllO*Ke H3 naBCaHa. CBepxy BelileCTBO MHWeHH nOKpbiTO 
nneHKOH H3 MaKpO!I>OnH TOJlliiHHOH 4 MKM, nollHOCTbiO nornQiilaiOiileH 
ace anb!lla-4aCTH~bl H3 peaK~HH 6 Li(n, t) 4 He H 10 B(n, a) 7 Li 
Ha MHKpOnpHMeC.RX H30TOnOB 6 Li H 10 B B BelileCTBe MHWe HH. 
MHweHH 6blnH pacnono*eHbl nepneHAHKynRpHo K KonnHMHpoe a HHOMY 
HeHTPOHHOMY ny4KY 60x40 MM. AaeneH~<~e pa6o4ero r:~aa I Ar + 
+ 3, 5% CO 2 I B KaMepe Bb16Hpanocb raK, 4T06bl npo6er nporo
HOB H3 peaK~HH 7 Be(n, p) 7 Li , a raK~e TPI-1TOHOB H3 pea K~HH 
6 Li(n, t) 4He YKllaAbiBallCR B 06beMe Me~AY MHW8Hbl0 H 3KpaHH
PYIOiileH ceTKOH . XapaKrepHCTHK~<~ AeTeKropa npHeeAeH~ B pa6o-
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re112/. KanH6posKa CHrHanos HKAC no 3HeprHH npoBOAHnacb c 
nOMO~b~ y6Hpa~~erOCA ypaHOBOrO anb$a-HCT04HHKa H nHTHeBO~ 
MHWe HH. 3HeprHA naAa~~HX He~TpOHOB onpeAenAnaCb no MeTOAY 
speMeHH nponera.o~nH nposeAeH~ TPH He3aBHCHM~e cepHH H3-
MepeHH~: 

a/ B HeHTpOHH~H ny40K 6~n nocrasneH TOnbKO KaAMHeB~H 
$~nbT P j 

6/ HapRAY C KaAM~eBbiM CTORn~ e~e an~M~HHeB~~ /TO~~HO~ 
6 CM/ ~ ~HA~eB~H $~nbTP~j 

s/ 6e3 $~nbrpa. 
nocneAHAR cep~R ~cnonb30Banacb AnA onpeAeneH~A renno

soro ce4eH~A peaK~~~ 7 Be(n, p) 7 Li , a ABe neps~e - AnA 
onpeAeneH~A XOAa 3aB~C~MOCT~ Ce4eH~A 3TOH peaK~~~ OT 3Hep
r~~ naAa~~~X HeHTpOHOB. npOAOn~~TenbHOCTb TpeTbe~ cep~~ 

22 4a ca, a ABYX neps~x - no 100 4acos. HaKonneHHaA a Ka~

AOH cep~~ ~3MepeH~H ~H$OpMa~~A o6pa6ar~sanacb Ha 3BM 
PDP-1 1/70. 

3 . Pe 3 y~bmam~ u ux o6cyxdeHue 

Ha p~c.1 noKa3aH~ T~n~4H~e aMnn~TYAH~e cneKTP~ /AC/ . 
Kp~BaA 1 ~3o6pa~aer AC s OAHOM ~3 oKoH speMeH~ nponera He~
TpoHos (En = 2,2+4,8 3B). Kp~BaR 2 ~nn~crp~pyer XOA $oHa 
AnA AaHHoro cneKrpa /a npo~3BOnbHbiX eA~H~~ax/. Ha cneKrpe 
1 xopowo B~Ae H n~K nporoHoB (p0 ) , ~cnycKaeM~X a peaK~~~ 
7 Be + ·1---. aBe*-. 7Li + p + 1,65 M38 (1) 

a 
np~ nepe XOAaX KOMnaYHA-AApa Be B OCHOBHOe COCTOAH~e OCTa-
T04HOrO AAPa 7 Li ; n~-1 K npoToHos p 1 113 peaKLII-111 

7 Be + n --.aBe* --. 7 Li* + p + 1,17 M3B (2) 

HaMI-l He Ha6n~AancA. AnA rennosoro ce4eHI1A peaK~~-~ ~ (1) 11 
(2) M~ nony411n11 3Ha4eHI1e aPo = (5 ±1) •1 0 4 6, KoTo poe corna
cyercA C pe3ynbTaTOM pa6oT~ /4/ , 11 O~eHKY COOTH OWeHI-IA 
ap 1 /ap0 ~ 10-2 , KOTOpaA He npOTI1BOpe411T npi1BeAe HHO~ B pd-
6ore 151 sen~411He (2 ±1 )%. 

Ha p11c. 2 noKa3 aHa 3aBI1CI1MOCTb ce4eHI1A peaK~HH (1) or 
3HeprHH naAa~Hx He~rpoHos H3 cepHH H3MepeH~H / 6/. A6co
n~TH~e 3Ha4eHHA Ce4eHHA a 6blnH nony4eH~ nyTeM HOpMHp0BK~1 

Ha Tennosoe Ce4eHHe OT HOCHTenbHO Ce4eHHA peaK~HH 
6 Li(n, t) 4 He . npH 3HeprHAX En < 150 3B 3KcnepHMeHTanbHaA 
norpeWH OCTb onpeAenA eTCA CTaT~CTH4eCKOH OWH6KO~, a npH 
6onee B~COKHX 3He prHAX 0WH6Ka B B~AeneHHH $OHa npeaanHpyeT 
HaA craTHCT~4ecKo~. Ha PHC. 2 KpOMe 3Kcnep~MeHranbH~x ro-
4eK nOJ<a3aHa raK~e pac4eTHaA KpHBaR AnR r11nore3~ a - 11 v. 
OrMeT~M, 4TO a o6nacTH En $ 140 3B ace 3KcnepHMeHranbHwe 
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PHc,I.AMrrnHTYAHhle c rreKTPhl 
c KonneKTopa HKAC, rronyqeH
HbJe B H3MepeHHH peaK~HH 
7 Be(n, p) 7 Li • p 0 - rron oJKeHHe 
ITHKa ITpOTOHOB, OTBe a~~X 
nepexoAaM KOMrrayHA-HApa 
8Be B OCHOBHOe COCTOHHHe 
OCTaToqHoro ffApa 7Li; t
rronoJKeHHe ITHKa TPHTOHOB 
H3 peaK~HH 6 Li(n, t) 4He 
~a ~HKporrg,HMeCH H301'orra 

L1 a ae~eCTBe 6epHnnHe
aoil: MHmeHH; ll - HOM p Ka
Hana aMITnHTYAHOrO C eKTpa; 
N- qHcno OTcqeToB; I ,2 -
CM, B TeKCTe, 

7 8 7 
PHc. 2. 3aBHCHMOCTb ceqeHHH peaK~HH Be + n -+ Be*-+ Li+P+ 
+ 1,65 M3B OT 3HeprHH rraAa~X Heil:TpOHOB H3 CepHH H3Me
peHHH /6/ /eM, B TeKCTe/. q- ceqeHHe peaK~HH B 6apHax; 
E 0 - 3HeprHH Heil:TPOHOB B 3neKTpOH-BOnbTax. 
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T04KH XOPOWO no~aTCR Ha paC4eTHY~ KPHBY~ 1/v ; OAHaKO B 
o6naCTH En ~ 140+200 aB ABe coceAHHe T04KH HaXOARTCR 3Ha-
4HTenbHO s~we KPHBOH 1/v. CneAyeT noA4epKHYTb, 4TO s 
o6eHX He3aBHCHM~X CePHRX H3MepeHHH /a/ H /6/ 3TO OTKnOHe
HHe YCTOH4HBO B~RBnReTCR B OAHHX H TeX ~e KaHanax cneKT
POB no BpeMeHH nponeTa. 3aMeTHM, 4TO Ha speMeHHOM cneKTpe 
B ¢oHOBbiX aMnnHTYAHbiX OKHaX C KOnneKTOpa H C MHWeHH TaKO
ro Bbi6poca HeT. 

npHBeAeHH~e B~We apryMeHT~ e~e He RBnR~TCR OKOH4aTenb
H~M AOKa3aTenbcTsoM HanH4HR peaoHaHca s paHoHe 3HeprHH En• 
•170 3B.0AHaKO ecnH 06Hapy~eHHOe yCTOH4HBOe OTKnOHeHHe AeH
CTBHTenbHO RBnReTCR pe30HaHCOM,TO OH CnHWKOM y30K AnA S-pe-
30HaHCa B TaKOM nerKOM RApe-MHWeHH KaK 7 Be/scero TOnbKO 
AeCRTKH aneKTpoH-sonbT, a He AeCRTKH KHnoaneKTPOH-sonbT, 
KaK cneQOBano 6~ O~HAaTb/ 3- 41 /. 0TKnoHeHHe Ce4eHHR HCCne
AYeMOH peaK~HH B o6naCTH En • 170 aB MO~HO HHTepnpeTHpo
BaTb KaK yKaaaHHe Ha HanH4He yaKoro peaoHaHca Ha HeHTpo
Hax c ornH4H~M OT HynR op6HTanbH~M MoMeHTOM. Bonpoc o pe-
30HaHce, onpeAenR~~eM 6onbwoe Tennosoe ce4eHHe, ocTaeTCR 
noKa OTKp~T~M. 

AsTop~ s~pa~a~T 6naroAaPHOCTb H.H.nHHbKosy aa noMO~b 
80 speMR 3KCnepHMeHTa, 
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Y,llK 539.172 . 

JINR Rapid Communications No.17-86 

LARGE CLUSTER TRANSFER PROCESSES 
IN REACTIONS LEADING TO HEAVY ACTINIDES 

M.T.Magda*, A.Pop*, A.S~ndulescu 

A model based on projectile fragmentation is pro
posed to describe the multinucleon transfer reactions 
leading to heavy actinides. The primary values of the 
cross sections for the formation of various isotopes 
are obtained by assuming that large clusters separa
ted from the projectile are captured by the target. 
Data obtained at LBL and GSI for the Fm-, Md- , No-, 
and Lr-~sotopes produced in tpe 16o, 18o, 22 Ne, 

.48 Ca + 254Es reactions are well 1described by the 
above model after correction for neutron emission. 

The investigation has been performed at the La~ 
boratory of .Theoretical Physics, JINR. 

npo~eCCbl nepeAa4H MaCCHBHbiX KllaCT.epOB 
B peaK~HRX, BeAY~HX K 06paaoeaHH~ 
TRmenbiX aKTHHHAOB 

M.T.MarAa, A.llon, A,C3HAynecKy 

,[l.TUI OllHCaHHH peaKUHA MHOroHyKnOHHb!X uepeAa'l, BC
AY~X K THJKen&IM aKTHHHAaM, npeACTaBnE'II<l MOAenh, OC
HOBaHHaH Ha <PparMeHTaUHH 60M6apAHPYIOII(eH tlaCTHUbl. 
llepBOHat~anhH&Je 3Hat~eHHH nonepet~HbJX cet~eHHH MH o6pa-
30BaHHH pa3nH'IHb~ H30TOllOB nony'la!OTCR, eCnH npeAnO
nOJKHTh, 'ITO MaCCHBHbJE' KnaCTE'p&J, OTAE'nHIO~E'CH OT 6oM-
6apAHpyiOII(ei1 t!aCTHUbl, 3aXBaTb1BaiOTCR MHWE'Hh!O, .z:laHHbJe 
nonyt~eHH&Je no LBL H GSI MH H30Tonoe Fm, Md, No 
H Lr. o6pa3oBaHH&~ B peaKUHHX c 16 0, 18 0, 22 e, 
48 Ca + 2&4 Es, xopomo onHCbiBaiOTCH B&!DieyKa3aHHOi1 Mo
Aen&IO, eCnH BBOAHTCH KOppeKUHH Ha 3MHCCHIO HE'ATpOHOB, 

Pa6oTa BblnonHeHa . B lla6opaTopHH TeopeTHt~ecKoii ~H-
3HKH omm. 

During the last years, multinucleon transfer reactions 
have been used for the production of heavy acti~ides/1-3/. 
The understanding of the mechanism occurring in such re
actions would be of great interest for allowing predic
tions· of the production cross sections for . heavier ele
ments. The current interpretation of the reactions has 

*Institute of Physics and Nuclear Engineering , Bucha
rest, Romania 
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been based so far on the theory of strongly damped colli
sions141 in the context of the surviving probability of 
the primary products 1 51. 

Systematic measurements for multinucleon transfer re
actions in the case of the bombardment of a given target 
as,for example, 254 Es by various projectiles (16o, 180, 
22 Ne .and 48 Ca) 1 2•31 have revealed comparable cross sec
tions for a (~Z.~N) transfer, despite a different isotope 
distribution for various elements (Fm,Md,No, Lr),Such 
a projectile dependence suggests that the fragmentation 
of the projectile occurs producing large clusters that 
are subsequently captured by the target (massive trans
fer, incomplete fusion or two-body breakup reaction). 
Much experimental evidence has been gathered recently 
which shows that projectile breakup processes are not neg
ligible even at lower than 10 MeV/m incident energies 161 

as happens to be the case of the above-mentioned reac
tions. 

Star t ing with this observation we propose for multi
nucleon transfer reactions a simple model based on the 
following physical picture: the incoming projectile 
breaks up in the Coulomb and nuclear field of the target 
nucleus , the resulting large clusters being captured by 
the target nucleus. The hypothesis of a large cluster 
transfer red as a whole is supported by experimental evi
dence f or " and 8Be transfer obtained in 12c reactions 
on Au and Bi I? I as well as by the recently growing ex
periment al evidence for the incomplete fusion reactions. 

Therefore we"consider the process: 

P + T -+ F1 + F2 + T --+ FL+ (F2 + T), 

where P , T, F 
1

, F 2 denote the projectile, target and 
the two fragments resulting from the projectile breakup. 
The transfer cross section for a F1 (Z 1,N1)cluster is gi
ven by t he fragmentation probability of the projectile 

(y;1 ) multiplied by the capture probability ac(F1 ,T): 

a(F1 ) = KyPFJ. • ac(F1 ,T), (I) 

where K is a normalization factor. 
The f ragmentation probability is given by the Fried

man mode ll81: 

y Fi - S 
p F ! 
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where J.LF = y2mr E ~ ( mr is the reduced mass of the t wo 
I I 

fragments and E8 represents the s eparation energy of the 
fragment F1 from the project i le ) and the 'cutoff ra ius 
of the cluster internal wave functions Xo = 1. 2 A 1F1 3 fm. 

Ft i 
SF is the spectroscopic factor which represent the 

I 
relative probability f or f inding together the nece sary 
protons and neutrons which must be removed from th pro
jectile to produce the fragment 181 • In the case of n
stable particles as, e.g.,5 He ,7He,5Li ,sse, Sse, a se
cond fragmentation was taken into account multiplyi ng 

Ft 
Yp by the corresponding spectroscopic factor SF

1
• 

The capture probability was calculated in the s emi
classical approximation by integrating over the energies 
of the fragment: 

Em ax 
2 

a0 (F1 ,T) = "RF J 
I V 

VF ,T 
(1- --1--)dE, 

E 
(3) 

2 Fi ' T 
Here 11R F is the geometrical cross section· with R F -= 

I I 
I 22 (A 

113 113 v . h c 1 b b . d • Ft +AT ) · Fi ,T 1s t e ou om arr1er an 

Emaxis the maximum energy of the fragment as determined 
by the projectile energy (Ep) the separation energy of 

Fi 
the fragment E8 and the QF

1 
-value for the reaction ~n 

which the fragment is captured by the target: 

Emax =[mT/(mp+mT)] .xEp+ E~i + QFt• 

The Coulomb barrier was calculated in the touching sphere 
approximation 

where 

1/3 Al/3 
rc(AFt + T 

ZTe2 

r A 1/3 
c T 

for protons 

4
He 

(ZF1 Z T $. 500 ) 

was taken from the existing systematics 191• 

(4) 

(5) 

. I 
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As t he transfer products result in an excited state, 
the primary distribution is modified by neutron emission. 
This fac t is taken into account by inserting into ·eq.(l) 
a deple t ion factor: 

D = 1 - I fm , (6) 

where rm -[rn /(rn + rr>l m is the emission probability 
of the m -th neutron and is calculated by using the empi
rical f otmula of Sikkeland et aL1 101 for r n ;r r . 

A "feeding" factor taking into account the population 
of a given isotope by neutron emission from higher mass 
isotopes was also introduced in eq.(l). 

A constant ratio rr /rn was assumed over the whole 
range of excitation energies. 

The consideration of the detailed energy distribu
tion of the fragment and the corresponding excitation 
energies shows a tremendous variation of the ri;r ratio 
over the spectrum but does not change drastica ly

0
the 

. overall isotope distribution. 
However such an estimation and of course a detailed 

calculat ion of the fission barriers for various isotopes 
will be taken into account in a further analysis. 

The predictions of the model have been comyared to the 
recent measurements performed at GSI and LBL 2,3/ for 
the mul t inucleon transfer reactions produced by 16 0, 18o , 
22Ne and 48 ca on 254 Es at E/ A - 4.5 MeV/u. By conside
ring tha t 255· 257 Fm isotopes are produced by 1- 3H cap
ture and the 25 S.. 254 Fm are only the result of neutron 
emission the isotopic yields were calculated as shown 
above. The separation energies as well as Q-values have 
been cal culated by using the existing tableslll~The nor
malizat i on factor is determined for proton transfer and 
is unique for a given system. Similarly, 256 -261Md iso
topes correspond to the capture of 2-7 He fragments while 
2&4,265 Md result from their deexci tat ion by neutron emis
sion. Large clusters as 3- 8 Li and 4- 9 Be are associated 
witli the formation of the ·2&7-262No and 268- ?63 Lr, whose 
neutron emission leads to 254,25&,256 No and 256,2&7 Lr. 

The r esults for the studied systems are shown on 
figs.J-4 , 

The t heoretical predictions follow the general trend 
of the i sotopic yields and give values quite close to the 
experimental ones. · 

We should mention that larger discrepancies are ob
served f or 261 Md ,260-262 No ,261-286Lr whose cross sec
tions ar e obtained by extrapolating ·the measured isoto
pic dis t ributions I 81. 
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In trying to apply the model in the case of 238u + 
+ 238U /12{it resulted that the primary isotopic distri
bution itself, not corrected for neutron emission fol
lows the experimental one. 

'To summarize, the conclusions are following: 

I. Multinucleon transfer cross sections for heavy 
actinides are well described by · considering that there
action occurs by projectile fragmentation and subsequent 
capture of the fragment by the target. The depletion of 
the initial states by neutron emission must be taken in-
to account. 
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Fig.3. Same as in fig.! 
but for 101 MeV 16Q on 
254Es. 

Fig.4. Same as in fig.! 
but for 266 MeV 48 Ca 
on 254 Es. 

2. The model could be extended to predict multinucleon 
transfer cross sections for various nuclei with a proper 
estimati on of neutron emission, 

We would like to thank Prof. V.V.Volkov, Drs. M.Husso
nois and O.Constantinescu for very valuable discussions 
and usef ul suggestions. 
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