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KpamKue coo6UiptUR OJ1JIJ1 M! 2[53}-92 

Y ,[\K 539.172.12/17 

JINR Rapid Communications No. 2[53}-92 

3HEPrHSI rEHEPAU:HH HEATPOHOB JIErKMMM SI.LJ:PAMM 
B CBHHU:OBOM liJIOKE 

B.A.BopOHKO*, B .M . .ll.MI'leHKO, B.~.KOCTHH*, B.~.MuraJieHSI*, 
B.H.Hara:H'leHKo*, B.B.C~opeHKo*, K.LI..ToncTOB 

Ha CI1Hxpo<jJa3oTpoHe OJUIH npooeJieHo 11CCJieJIOBaHI1e reHepal{l111 He.::IT­

poHOB B CBI1HL{OBOM 6noKe 50x5Qx80 CM SIJipaMI1 2H, 4He; 7 Li 11 12C. 3He rnSI . 
Sl,!lep HaXO,!IHnaCb B 11HTepB8Jie 1,5 + 2,2 r3B/HyKn. BHyTp11 6nOKa pernCTp11-
pOB8JIOCb '111CRO AeneHI1H B KaMepax KHT -8 C eCTeCTBeHHbiM ypaHOM 11 '111CJIO 
peaKL{I1H (n,y) o AeTeKTopax 113 ypaHa. BbiJieTaiOw.l1e 113 6noKa Hei1TpoHbi 
perncTp11pooani1Cb KHT -8 11 ,!leTeKTopaMI1, noMew.eHHbiM11 B BaHH)' c BOJIOH, 
KOTopaSI ycraHaonl1oanacb Ha nooepxHOCTI1 6noKa. CornacyiOW.11eCSI pe3ynbTa­
Tbi 06011X MeTOJIOB n03BORI1RI1 nOny'II1Tb 3Ha'leHI1e 3Heprn11, 33Tpa'111BaeMOH 
Ha reHepal{l110 OJIHOrQ HCHTpOHa. Ycpe,!IHeHHaSI no BCCM SIJipaM 3HeprnS1 p BHa 
(32 ± 5) M3B. 

Pa6oTa BbmOnHeHa o Jia6opaTOp1111 BbiCOKHX 3Heprni1 OHSIH. 

The Energy of Neutron Generation by Light Nuclei in the Lead 
Target 

V .A. Voronko et al. 

The neutron generation by 2H, 4He, 7u and. 12c nuclei with the energy of 
1.5 + 2.2 GeV per nucleon has been investigated in the lead target50x50x80 em 
on the JfNR synchrophasotron. Inside the target the number of fission reactions 
in the KNT -8 chambers and ( n,y) in the detectors with natural uranium have been 
registered. The neutrons emitted from the target were detected by the KNT -8 and 
uranium detectors inside the water bath on the top of the target. The compatible 
results of general methods have permitted to obtain the value of the energy for 
generation of one neutron; the mean value of the energy for nuclei is eq al to 
(32 ± 5) MeV. 

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

.ll.n51 U:MeH paAHaiJ;HOHHOH 3aiiJ;HThl, C03AaHH51 HMllYRbCHhlX HeHTpoHHhlX 

reHepaTopoB u AR51 pemeHH51 npo6neM 3neKTpo5JAepHoro cnoco6a n ony'leHH51 

aTOMHOH 3HeprHH HeOOXOAHMO 3HaHHe 3HeprnH, 3aTpa'IHBaeMOH Ha reHepa­

U:HIO OAHOro HeHTpoHa B CTORKHOBeHH51X yCKOpeHHhlX 'laCTHU: C MHWeH51MH 

H3 pa3RH'IHhlX 51Aep. 

*XapbKOBCKI1H <jJI1311KO-TeXHI1'1eCKI1H 11HCTI1TJT 
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ConocrasJieHHe aaTpaT ::mepmH npH sapbHpoBaHHH aTOMHOro seca 

CHap~OB H MHWeHeH HHTepeCHO H AJI51 Bb151CHeHH51 MeXaHH3Ma B3aHMO­

.n;eHCTBHR peJI51THBHCTCKHX 51Aep. 

3KcnepHMeHTbl 6biJIH npose.n;eHbl Ha CHHxpo¢aaoTpoHe OJUIH B nyq­

Kax ~ep: 2
H c 3Hepme:H 1,5 f3B/H; 

4
He - 2,2 f3B/H; 

7Li -
2,2 f3B/ H H 

12C - 1,87 f3B/H. 

Y CKOpeHHble ~pa BBOAHJIHCb B CBHHU,OBbiH 6JIOK 50 X 50 X 80 CM qepe3 

KaHan: rny6HHOH 20 eM. B o6heMe 6JioKa paaMem;anHCb KaMepbl KHT -8 

.n;HaMeTpoM 7 MM C eCTeCTBeHHbiM ypaHOM (~eKTHBHa51 MaCca pa.n;Ha­

TOpa KaM ep KHT-8 pasHa (1,5 ± 0,2) M/
1 

) H ypaHOBble .n;eTeKTophl 

B BH.n;e AHCKOB AHaMeTpoM 8 MM H TOJIID;HHOH 1 MM, B KOTOpbiX peaKU,HH 

(n, y) p emCTpHpoBMHCb no pacna.n;aM 
239

Np-+ 
239

Pu. Paapa6oTaHHast 

MeTOAHKa , BKJII0l.(a51 MOHHTOpHpoBaHHe nyl.(KOB 51.U:ep, OnHCaHa B paOO­

Tax/2-6/ • .ll:JI51 pemCTpaU,HH HeiiTpoHOB, BbiJieTaiOID;HX H3 6JIOKa, Ha ero 

llOBepXHOCTH ycTaHaBJIHBaJiaCb BaHHa OJIOID;aAbiO 40X 40 CM H BbiCOTOH 

30 CM, B KOTOpoH Ha BbiCOTe h = 3,9 + 15 CM OT AHa noMeiD;aJIHCb Ka­

Mepbl K H T -8 H ypaHOBble .n;eTeKTOpbl. 3KpaHHpoBKa Hx Ka.n;MHeM noKa­

aana, l.(TO BKJia.n;OM Ha.n;KaAMHeBbiX HeHTpoHOB MO)I(HO npeHe6pe'lb y)l(e 

Ha BbiCOTe 3 CM. ECJIH HeHTpoHhl H3Jiy<~aiOTCSI B norJiom;arom;yro cpe.n;y 

6eCKOHel.(H0H OJIOCKOH nosepXHOCTbiO, TO Cna.n; HX OJIOTHOCTH KaK lPYH­

KU,HSI pacCTO.SIHHSI oT nosepxHOCTH npoHcxo.n;HT no 3KcnoHeHTe. B HameM 

CJiyqae H3 CBHHU,OBOI'O 6JIOKa BbiJieTaJIH He 3aMeAJIHBWHeCSI HeHTpoHbl H 

B pe3yJibTaTe B Tpex TOl.(KaX Ha yKa3aHHbiX paCCTOSIHHSIX h, B npe.n;eJiaX 

TO'IHOCTH H3MepeHHH 10-15%, 6biJI llOJiy'leH JIHHeHHbiH cna.n; OJIOTHO­

CTH HeHTpoHOB, 3KCTpanOJISIU,HSI KOTOpoH AaJia HyJieByiO nJIOTHOCTb Heii­

TpoHOB · n p H hm = 17 CM, npH'IeM B npe.n;eJiaX CTaTHCTH'IeCKOH TOl.(HOCTH 

H3MepeHHH , KaK H CJieAOBaJIO Q)I(HAaTb, hm = COnSt AJISI BCeX SI.n;ep. 

BCJie.n;cTBHe 3Toro OTHomeHHe MaKpocKonuqecKoro ce<~eHHSI norJiom;eHH.SI 

HeHTpoHOB B CToJI6HKe BOAbi K ceqeHHIO a F B KaMe pax KHT -8 npu n, 
3lPlPeKTHBHOM CJIOe ypaHa 1,5 Mr COCTaBHT 1,2·10

4 
• .ll:JISI ypaHOBbiX .n;e­

TeKTOpoB M aCCOH 1 r OTHOWeHHe MaKpocKOnHl.(eCKHX Ce\leHHH B BOAe H 

peaKU,HH (n , y) B .n;eTeKTOpax COCTaBHT 27 ,4, H CYMMapHOe Ce\leHHe paB­

HO 28,4· 10-24 
CM

2• 

PeayJihTaTbl 3KcnepHMeHTOB npH yCTaHOBKe KHT -8 H .n;eTeKTopos Ha 

paCCT051HHU h = 3 CM npHBe.n;eHbl B Ta6JI. 1. 
Onpe.n;eneHHe a6coJIIOTHOro l.(HCJia reHepHpoBaHHbiX s 6JioKe He:HTpo­

HOB npOBe.n;eHO B npe.n;nOJIO)I(eHHH, l.(TO npaKTH'IeCKH BCe OHH BbiJieTaiOT 

H3 6JIOKa, T.K. O'leHb MaJibiM Ce'leHHeM nOrJIOID;eHHSI MO)I(HO npeHe6pe'lb. 

BCJieACTBHe OCeBOH CHMMeTpHH nyqKa no OTHOWeHHIO K u,eHTpy 6JIOKa 

O'leBHAHO, 'ITO reHepaU,H.SI HeHTpoHOB H HX BbiJieT <1epe3 6oKOBbie rpaHH 

TaK)I(e CHMVleTpHl.(Hbl, H Ha KOOPAHHaTaX Z BAOJib ny'IKa nOTOK HeHT-
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poHOB nponop~uoHaneH pacnpeAeneHH~ nnoTHOCTH HCHTPOHOB BHYTPH 

6noKa no z. nocneAHSISI 6hwa onpeAeneHa no peaK~HSIM (n, y) u (n, F) 

s pa6oTa/
4

-
61. 

Ta6Jtl1t~a 

Cttap1111 3ttepr1111 ua noTOK 111\CP 411CJIO peUKL\11H 
HYKJIOII, r3B 

{ 11 • Y} {n . lj 
211 I ,5 (2,25±0,17)·10 12 (5,23±0,27) ·108 

411c 2,2 (4,41±1,16)·109 (3,40±0,86) ·106 (9 ,0± I ,0) · 103 

7Li 2,2 (I ,29±0,21!) ·10 10 (1,74±0,3)·107 (3,65± ,40) · 104 

12c I ,87 {2.58±0,41}·10 10 {4.97±0,42}·107 . 4 
{11,3± 1,0}·10 

LI,ASI paC4CTa 411CAa BbiACTa~~HX 113 6noKa HCHTpOHOB HC06XOAHMO 

3KCTpanon11posaTh KO AHY saHHbl 4Hcno peaK~Hii (n, y) 11 ( n, F) s 

Ta6n.l. B COOTBCTCTBI1H C AI1HCHHbiM cnaAOM nnOTHOCTI1 HCHTpOHOB 3TO 

yscni14HsaeT 411Cno peaKu,uii s I ,2 pa3a. BhweT HCHTpoHoB 4ep e3 Top­

u,esbie rpaHH 6noKa, no pacnpCACACHH~ nAOTHOCTH HCHTpOHOB BAOAb H 

nonepeK ny'IKa, Ha OCHOBaHHH/
4

-
61 

OLI,CHCH paBHbiM .0, l OT BbiA CTa 'IC­

pe3 60KOBbiC rpaHI1 . 8 COOTBCTCTBHH C 3TI1M 113 AaHHbiX Ta6n . l 6biAH 

nony4CHbl BCAH4HHbl 3HCpr11H, HC06XOAHMOH AASI reHepaU,HH OAHOfO HCH­

TpOHa. BcneACTBI1e Ae¢eKTa annapaTypbi AASI KHT -8 B onbtTe c ACHT­

poHaMH B Ta6n. l HCT AaHHbiX no peaK~HI1 ( n, F), OAHaKO BbiCOKaSI 

CTaTHCTI1tiCCKast T04HOCTb AaHHbiX no y(>aHOBbiM ACTCKTOpaM n 0 3BOAMa 

nony4HTb AaHHbiC no peaKU,HH ACACHHSI 
235U, 11CnOAb3YSI H3BCCTHhiH Ky­

MYASITI1BHhiH BbtXOA 1130Tonos: 
132

Te, 
143Ce, 131 J u APYrlifx . 3 ToT pe-

3YAhTaT HaXOA11TCSI B XOpOWCM COrnaCI1H C A3HHbiMJif no peaKU,U Jif (n, y) 

Jif npHBCACH B Ta6JI . 2. 

Ta6mtl\U 2 

Cuap1111 :>uepntll tta ttyKJtOtt, r3B Jttcpntll rcttcpal\tHt IIC~ITpOIIO B , M3Il 

(II' y) (II, F) cpe/IHII!I 

2H 1,5 34,7±3 30,0±4 32,4±3 
4He 2,2 30,6± 10 27,5±6 29,0±8 

7Li 2,2 31,0±1! 34,7±5 32,1 ±6 
12C I ,1!7 31,5±5 32,7+4 32,1 +4 

HaHMCHhwec paccTOSJHHC s 6JioKe OT ocH ny4Ka pasHo 25 C'VI , a MH­

HI1MaJibHOc ycpCAHCHHoe 4Hcno pacce51HI1i1 Hci1TpoHa AO BbtnCT 6oJihwe 

100, n03TOMY OHI1 3aMCAASI~TC51 , 11 M<IJI3 BCpOSITHOCTb pCaKU,11H (n, 2n). 
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CJieJJ.OBaTCJihHO, uaifACHHoe cpe.ll,Hee 3Ha4CHHe :mepro3aTpaT Ha reHe­
pau,HIO O)lHOro HCHTpoHa MO:>KHO C4JtTaTh npHCMJICMbiM H AJISI CBHHU,OBOfO 
6JIOKa HCOrpaHH4CHHOfO pa3MCpa. 

Pe3yJihTaThl OOoHX MCTOAOB OOKa3hiBaiOT, 4TO ycpC.ll,HCHHOC .ll,JISI BCCX 
SIJJ.CP 3Ha~leHHe :meprnH pasHa (32 ± 5) M3B. 

JIHTepaTypa 

I. .ll,bS14CHKO B.M. H AP· - CM. HacT. c6opHHK, c.45. 
2. fycaKOB 10.8. H AP· - Coo6~eHHe OJ151J1, 13-87-240, .ll,y6Ha, 

1987. 
3. Damdinsuren C. et al. - Nucl. Instr. Meth., 1990, A288, p.319. 
4. BopoHKO B.A. HAP· - A3, 1989, 66, c.215. 
5. .ll,bS14CHKO B.M. HAP· - A3, 1989, 67, c.29l. 
6. BopoHKO B.A. H AP· - A3, 1990, 68, t:.449. 

PyKonHCh nocTynHJia 6 <f>espaml 1992 ro.ll,a. 
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THE QFT SCATTERING RESONANCES CANNOT BE 
ASSOCIATED WITH THE VON NEUMANN- WIGNER 
BOUND STATES IN A CONTINUOUS SPECTRUM 

L.G.Zastavenko 

This work is our response to recent attempts to connect the observed 
resonances in.e.g., an electron-positron system,with the von Neumann - Wigner 
bound states in a continuous spectrum. Such states can exist only if the potential 
is not absolutely integrable. We study the Schroedinger equation ( -~ + 
+ V(r) - k2)tp = 0, where the potential V(r) is not absolutely integrable: 
00 

J I V(r) I dr = oo and the Fourier image Y( I (/1) = J /i/Xv(r)d 3x has singulari-

0 
ties for real values of lq I, I q I = I ~I > 0. We consider the perturbation theory 

expansion A(P, Po) = A 1 + A2+ ... of the scattering amplitude. Our (trivial) 

result is that singularities of the function Y(q) give rise to singularities of quantities 
A 1, A2, .. .. But the QFT (quasi) potentials do not give any singula-rities of the 

Born amplitude A 1. Thus, our statement is that the computed by Arbuzov et al. 

and Spence and Vary resonances cannot be connected with the von Neumann ­
Wigner bound states. 

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

Y posnu ¢on HeiiMana - Bum epa u pe3onancnhle COCTOSIHHSI 
CHCTeM :=meKTpoH-U03HTpOH, npoTOH-UpOTOH 

JI.r.3acTasenKo 

Pa60Ta SIBJI!IeTCSI OTKJIHKOM Ha He]la8HHe nOnbJTKH C8!13l1Tb pe30HaHCbl 8 
CHCTeMe 3JJeKTpOH-n03HTpOH CO C8!133HHbiMH COCTO!IHH!IMH 8 HenpepbiBHOM 
cneKTpe (!jloH Hei1MaH - BHrnep). TaKHe cocTO!IHH!I cyw.ecT8YJOT TOJJbKO, 

00 

ecJJH J I V(r) I dr = oo. Tor,na!jlypbe-o6pa3 V( I q I) = J d 3xv(r)e iqx HMeeT 

0 
CHHryJJ!!pHOCTH npH I q I > 0. Mbl paccMaTpH8aeM 3a_naqy pacce!IHHSI AJJSI 

ypa8HeHHH IllpeJIHHrepa. IlycTb p11,n TeopHH 803Myru.eHHH A(P, Po) = 

= A 1 (P, Po) + A2(P, Po) + .. . 3ll,naeT aMnJJHTYAY pacce!IHHSJ. I1p11 HallleM 

noTeHu,Hane 8eJJH'IHHbJ A 1, A 2, ... - CHHryJJ!!pHbJ. Ho K8a3HnoTeHu,HaJJbJ 

KTII .na•oT HecHnrynHpHble 8eJJH'IHHbJ A 1, A2, .... Ilo:JTOMY 11 JIYMaJO, 'ITO 

8bi'IHCJJeHHbJe Ap6y308bJM H ,np. 1'1 CneHCOM H B:JpH pe3oHaHCbJ He C8!13ll bJ c 
pellleHHSIMH !jloH Hei1MaHa - BHrHepa. 

Pa6oTa 8bJnOJJHeHa 8 Jla6opaTopHH TeopeTH'leCKOH !jJH3HKH OJUIH. 

9 



I. In t roduction 

Since the work111 it became almost common knowledge that the 
Schroedinger equation 

with the ootential 

d2 
( - - 2 + V(r) - k 2) l/J = 0 

dr 

V(r) = 2A sin (2pr) 
r 

at k 2 = p 2 has the solution which vanishes as r tends to infinity: 

l/J(r)-+ 0 as r-+ oo. 

(1.1) 

(1.2) 

(1.3) 

Introducing into the potential some additional degree of freedom, e.g., 
taking V(r) = (2A/ r) sin (2pr + <5), one can ensure fulfillment of the 
boundary condition 

l/J(O) = 0. (1.4) 

We shall call solutions of the Schroedinger equation which satisfy both 
boundary conditions (1.3) and (1.4), the bound states in a continuous 
spectrum111. (Note that two independent solutions of eq.(l.l), (1.2) at 

k 2 = p 2 can be represented as 

oo +oo 

l/J +(r) = ~ ~ d e ipr(2s+l) ±i\-n 
- Ll Ll sn r ' 

n=O s=-oo 

where A = A/(2p) and Dsn are numerical coefficients to be determined 

from eq.(l.l)). 
Recently there were observed some unexpected resonances in a 

system of charged particles12-6/. 

Some authors tried to interpret these resonances in terms of the 
von Neumann - Winger bound states in a continuous spectrum17·81. 
These theoretical works are mainly computational. Spence and Vary, in 
particular, considered the scattering phase <5(k) of the electron-position 
system. 

Space and Vary insist that their computations give 

lim [<5(k0 + e) - <5(k0 - e)] = n 
e-+0 
e>O 

for some values of momentum k0. 

10 
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1. This r sult is the starting point of our consideration. We state: 

l) If the Fourier image of the potential V( I q I) = I e iQx'V(r)d 3 x is 
00 

singular at some point I Q1 = 2p and I I V(r) I dr = oo, I V(r) I ~ M < 
0 

< oo, then the Schroedinger equation (1.1) has, at k 2 = p 2, a solution 
1/J which does satisfy boundary condition ( 1.3). 

2) For s ch potential the first order perturbation theory scattering 

amplitude is singular at the point k 2 = p 2
• 

3) The QFT quasipotentials of works171 and181 do not give any 
singularities of the scattering amplitude in lowest orders of the 
perturbation theory. Thus, we think that attempts to connect the 
computed resonances17·81 with the von Neumann -Winger bound states 
in a continu us spectrum are hopeless. 

1.1. We will give also the following verbal description of the von 
Neumann - Winger phenomenon of bound states in a continuos 
sprectrum. At k ::::: p there arise a resonance of oscillations with 
frequencies ±k and 2p in our Schroedinger equation (1.1), (1.2): The 
os<;illations witl} frequency 2p induce transition between the states which 
possess frequencies ±k (see also Appendix). This resonance does not 
allow a particle, if it is located somewhere in the region r- 1, to 
penetrate into the region r > > 1. And vice versa, if a particle is located 
in the regia r > > 1, it cannot ponetra te in to the region r - 1. Our 
potential (1.2), however small the value of the parameter A is, forms 
the resonance barrier, which is the more difficult to ponetrate, the 

smaller is the quantity I k 2 
- p 2 1 and which a particle cannot penetrate 

into if k 2 = p 2. 

1.2. The potential 0.2) gives discontinuity in the energy dependence 
of the S-wav scattering phase (see eq.(2.7)). Let us construct the Jost 
solution l/J/r) for the potential (1.2) (see eq.(A.l)). The point 

k 2 = p 2 is a branching point for this solution (see Appendix A). 

1.3. Appendix 8 contains consideration of singularities of the 
amplitude A 1 (~ iJ'o). 

II. Scatte ring on a Singular Potential 

I. Let us consider the scattering problem for a Schroedinger equation 
in the marne tum space: 

II 



(p 2
- k 2)\ll(p) + I V(P, i )'l'(i )d 31 = 0, 

A(-+-+) 
~ _ -+ -+ p, Po -+2 2 

1/J(p J - o(p - Po) + 2 2 . • Po = k • 
p - k -IE 

-+-+ -+-+ -+-+ d 3L -+-+ 
A(p, p0) =- V(p, p0)- I V(p, l) 

2 2 
. V(l, p0)- ... = 

[ - k -IE 

= A 1 (P,Pa) + Az(P, Po) + .... 

Here A(P, Po) is the scattering amplitude. 

2. Let us take at first a local potential 
_.-. - ..... -+ 

V(p, l) = V(p - l ). 

(2.1) 

(2.2) 

(2.3) 

(2.4) 

2.1. Even if the potential V(r) in equation (1.1) is absolutely 
integrable, its Fourier image V( I q I) as a function of the variable 
I q I = q can be nonanalytical at some points q = q ., I Im q .I ;:::: 0 (see 

I I 

Appendix B). Suppose, however, that this function is analytical along 
all the axis q ;:::: 0. Then, the scattering amplitude (2.3) is also an 
analytical function of the momenta P, Po• I pI = I Po I = k, regular and 

bounded for real values of these momenta. 
2.1.1. T he potential V(q) may have singularities in the complex plane, 

q = q ., i = 1, 2, 3, ... Im q . ~ 0. Even if the potential is real, these 
I I 

singularities are capable to cause characteristic peculiarities of parts 
A1, A2 and so on of the scattering amplitude. Let us take, e.g., 

- 4.nA E 2' 
V(q) = q E2 + (q- 2p) 

(2.5) 

where I e/ p I < < 1. 
One has 

- 4.n2A 
V(q)-+ ~ o(q- 2p) 

(2.6) 

as E-+ 0. Such a characteristic behaviour of the quantity V(q) leads to 
observable consequences. 

2.2. The absolutely nonintegrable potential (1.2) corresponds to the 
limit E -+ 0 in eq. (2.6). For this potemial the Born approximation gives 
no scattering at all if lpl = IPal = k < p and gives scattering only on 

the cone I p- Po I = 2p if I pI = I jj0 I = k > p. The Born approximation 

s-wave scattering phase for the potential ( 1.2) is: 
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o(k) = jo, k 2 < P 2. 
.n:A, k 2 > p 2 (2.7) 

Thus, the potential ( 1.2) give! the rupture of the scattering p ase. 
In general, if the quantity V(q) has a singularity at q = 2p, then the 

Born approximation s-wave scattering phase has a singularity at k = p. 
2.3. Let us now discuss the quasipotential equation of the work by 

Arbuzov et al.171 . It can be written down essentially as 

[2w(pj - 2w(k) }lp(p) + ..1. J V(P, /)tp(i)d 31 = , (2.8) 

-- ::'!. - - - -1 ::'!. - - - -1 V(p,l)= [w(pJw(l) lp-/1] P[w(pJ+w(l)+ lp-ll-2w(k)] , 

here the potential does depend on the center of mass energy 2w(k) of 

the system w(k) = (m 2 + k 2)
112

, symbol P denotes a principal valu~(in 
the work171 the authors use complex denominator w(pj + w(l) + 
+ lp- ll - 2w(k)- ie. This prescription seems to us to be obviously 
wrong, for it leads to the energy nonconservation in the process of 
scattering, see, e.g., eq. (2.3). This remark does not influence the 
computational results of work171 as they use the approximation 
neglecting the imaginary part of the potential). Then. one has 

A! (P, Po) = A.w(k) -21 P- Po ,-2. (2.9) 

Here lpl = IPol = k is the energy conservation law. Equation (2.9) 

exhibits no singularities in its dependence on the parameter k along the 
real axis. The quantity (2.9) is not capable of describing any re onances 
of the scattering cross-section. Let us now consider the s-wave part of 
the quantity AiP, Po)· It is easy to prove that this function also has no 

singularities on the real k axis. 
2.3.1. Thus, we have to state about the results of the works17 1 and181: 

these results have nothing to do with the von Neumann and Wiegner 
bound states in a continuous spectrum. The latter cause singularities of 
the scattering amplitude which can be observed, e.g., in the Born 
approximation whereas Arbusov et al. claim their levels to be essentially 
nonpertu rbative. 
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Appen d ix A 

Jost Solution of Eq. (1.1), (1.2) 

Let us denote tp k(r) the Jost solution of eq. (1.1), (1.2), as determined 

by the condition 
, 1, ( ) ikr ., k r - e as r-+ oo. 

(A.l) 

One has 
+oo 

tfJir) = L ei(k+2ps)rBs(r), 
<A.2) 

s=-oo 

dB d 2B 
2ps 2(k + ps)B - 2i(k + 2ps) _s - -----f = iA(B _ 1 - B +l)/ r. 

s dr dr s s (A.3) 

It follows from eq. (A.l) that 

Bs<r)-+ 0 as r-+ oo, s ¢. 0 
B0(r)-+ 1 as r-+ oo. <A.4) 

When It; I < < I p I, · e = k - p, equations (A.3) reduce to the system of 
two coupled equations for functions B

0
(r) and B _ 1 (r). One gets 

B (r) :::::: ~ r(m + A)r(m - A) 
0 m=O m!r(A)r(-A) (2ier)m 

Barnes integral representation191 enables one to prove formula 

B0(r) :::::: a(A) (2ier)i\ + a(-A) (2ier) -/\ 

(A.S) 

(A.6) 

if 1 < < r <<-ti-T· Standard sewing procedure gives representation 

tfJir):::::: a( A, e)tp +(r) +a( -A, e)tp _(r) (A.7) 

of the Jost solution if I e I r < < 1. One has a( A, e)- ei\: it looks like the 

point k 2 = p 2 is the branching point of the Jost solution. 
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Appendix B 

Here we shall point out that if potential V(r) contains part c:5 V(r) = 
:sin (2pr + c:5)f

0
(r), where f

0
(r)- r -a as r-+ oo, its Fourier image 

V(q) has singularity at q = 2p, and the Born approximati n S-phase 
c:5(k) has singularity at k = p. 

Note Added in Proof 

The QFT quasipotential approach gives the s-wave Schroedinger 
equation of the type 

2 

(-~ - k2)tp(r) + f V(r,r')tp(r')dr' = 0, 
dr 

(N.l) 

where V(rr') = 0 (exp(-mv'r2 +/'I)) as r-+ oo • Let us consider 
the Schroedinger equation (N .1) with sa parable potential 

-(r + r') 2 2 V(r, r) =A e . The corresponding eq. (N.l) for k = k0 has 

solution tp
0
(r) = e -r; here the value is determined by the e uation 

00 

(1 + k~) =A f e- 2r'dr'. 
0 

(N.2) 

Of course, our solution tp
0
(r) does not satisfy condition (1.4). 

Nevertheless, this example shows, in principle, that the Schroedinger 
equation (N .1) with nonlocal potential is capable to have bound states 

in continuons spectrum (i.e. it can have for some value of k 2
, 

k2 > 0, solutions, which satisfy both boundary conditions 0 .3) and 
(1.4)). This general fact explains calculations of works171 and181. These 
AShBS bound states resemble, to some extent, the von Neuman -
Wigner bound states, but, unlike these states, their descent is connected 
with the non-locality of the potential. 

Let us consider the solution tp(r, k) of our equation (N . I) which is 
determined by the boundary equation (1.4) and by the condition 

:r tp(r, k) I r = 0 = I. One has tp(r, k) = I A(k) I sin (kr + c:5(k)) as r-+ oo. 

One has also 
(N.3) 
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if tp(r, k0) ~ 0 as r-+ oo. Equation (N.3) ensures fulfillment of the 

condition 0.5) and thus explains the Spence - Vary phenomenon of 
the scattering phase discontinuity at the energy of the bound state in 
continuous spectrum 

Note also, that eq. (N .2) shows that no bound state (in continuous 
spectrum) exist if A. -+ 0. This observation explains the nonperturbativ 
character of the AShBS bound states17•81 

The expression 
"" e2io fk) - l 

!(B) = L 2 .k p1 (cos B) 
l = 0 l 

of the scattering amplitude shows that the Spence - Vary :rc 
discontinuity of the scattering phase cannot be observed. Now, in order 
to accept or reject the AShBS conjecture conserning the connection be­
tween the observed resonanses and bound states in continuous spectrum, 
one has to investigate the analytical behaviour of the function <5(k) in 

a vicinity of the point k2 = k~. If this function is analytical (except for 

:rc discontinuity at the point k2 = k~), the AShBS conjecture is probably 

wrong. 
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SCALAR DILATON-QUARKONIUM MESON 
IN NUCLEON STRUCTURE 

V.A.Nikolaev, V.Yu.Novozhilov1 , O.G.Tkachev 

Static properties and electromagnetic form factors of nu­
cleons are calculated in the Generalized Skyrme model with 
an explicit scalar dilaton-quarkonium meson which sat rates 
the quark-loop contribution to the scale anomaly of QCD. 

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

CKallS1pHblli1 Me3oH-AIIIIlaToH-KaapKOHIIIIi1 a HYKilOHHOii1 

CTpyKType 

B.A.HioH{OnaeB, B.IO.HoBO>KHnos1
' o.r.TKalieB. 

BbP·IHCJieHhi oneKTpoMarHI1THhie <f>opM<f>aKTOphl 11 cTa­
TWiectme csoiicTsa HYKJIOHOB B o6o6rn.eHHOU Mogen11 CKI1-
pMa, BK!IIO'IaiOlll,eU CKa!I.llpHoe none A11JiaTOHa-KBapKOHI1.ll 1 

KOTOpoe HaCbllll,aeT BKJiag KBapKOBQU neTJII1 B MaClllTa6HyiO 
aHOMaJII1IO KX,U. 

J'a6oTa BhlllOJIHeHa B Jla6opaTOp1111 TeopeTI1'1eCKOU <f>H-
0111(11 OlUUI. 

The main features of quantum chromodynamics (QCD) at 
low energies are the spontaneous breaking symmetry vi 1\ ambu­
Jona-Lasinio mechanism and breaking of the scale symmetry so 
that the divergence of the dilatational current does not vanish[l]. 
The QCD low-energy region is governed by quark a 1d gluon 
fluctuations leading to a formation of the non-zero val es of the 

quark ( 1/;1/J) and gluon ( 7 ( G~11 ) 2 ) condensates. For the large 

number of color Nc one can consider QCD a.s an eifedive theory 
of mesons only[2]. As for baryons one can follow the Skyrme 

1 Department of Theoretical Physics, St.Petersburg State University. 
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idea that the baryon can emerge as a soliton in the chiral me­
son theory[3] . Considerations of the Skyrme model showed[4],[5] 
that we can describe satisfactorily the basic static properties of 
the nucleon except for the masses which are too large. One can 
try to include the vector mesons (w, p, at) to the non-linear sigma 
model to stabilize soliton [6],[7], but the problem of large masses 
remains. But this approach does not take into account the scale 
anomaly of the QCD and therefore omits scalar particles which 
are essential for understanding the intermediate range attrac­
tion in the nucleon-nucleon interaction[8], the nature of baryon 
resonances[7], and reduction of the classical mass component. 

At present time there are two different approaches to include 
scalar meson-dilaton into the Skyrme model. In both approaches 
the interaction of the dilaton field with the chiral field is dictated 
by the scale invariance. The main difference is in the origin of 
the dilaton. On one hand, there is the approach in which dilaton 
is associated with the glueball[9]. In this approach the glueball 
field saturates the scale anomaly completely. The potential[10] 
which reproduces for pure gluodynamics the scale anomaly and 
QCD scalar sum rules is considered. In the other approach, the 
dilaton is t reated as a quarkonium arising due to fluctuations 
of the quark condensate[11],[12], which is an order parameter 
for the chiral symmetry breaking. In this approach the dilaton­
quarkonium saturates a part of the scale anomaly, namely the 
part which is produted by the quark loops. The choice of the 
quarkonium as a dilaton is based on two principal observations: 
a) The experimental studies of scalar resonances [13] show that 
the real lightest candidate for the glueball state is fo(1590J (for­
mer G(1590)) [14] which does not appear in 7r7r and ]{ ]{ pro­
ductions. 
b) Consideration of the chiral anomaly[15] shows that the only 
gauge-invariant combination of the gluon field G~-'vG>.p can con­
tact only with a total anti symmetric tensor c;~-'v>.p. Thus this 
combination has JPC = o-+ quantum numbers and contributes 
to Wess-Zumino-Witten action producing U(1) anomaly. 

It suggests that the o++ glueball field as a fluctuation of G~v 
cannot interact directly with the chiral field, but only through 
the mixing with the dilaton-quarkonium. The estimate gives 
small value for the mixing angle of glueball and quarkonium 
states. 
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Our model is based on the effective low-energy action for 
pseudoscalar and scalar ( dilaton-quarkonium) mesons which was 
derived in[16] starting directly from the QCD generating func­
tional by the joint chiral and conformal bosonization method. 
This lagrangian favours the linear sigma-model in terms of the 
composite field <P = F'Trexp( -(7)U. In this paper we present the 
calculations of the main properties of the nucleon in the two­
flavor model, which is based on this effective action. We use the 
notation of Ref.[16]. 

We define the effective action WeJJ(U,(7) for chiral and scalar 
( dilaton- quarkonium) fields by 

Z.p(,D)Zi~~~(,D) = 1 D<Pexp[-WeJJ(U,(7)] , 

(1) 

where the functional 

(2) 

is invariant under local and conformal transformations of quark 
fields and should be approximately constant in low energy region 
L. The effective action Wef f ( U, (7) can be expressed sing the 
diagonal part of the projection operator onto the subspace II ,D­
Mil S A of the eigenvalues k. One can calculate the diagonal 
part of the projector using the finite mode regularisation [17] of 
the functional integral. The relevant expression for the effective 
Lagrangian for the dilaton- quarkonium and chiral fields at low 
energy can be written in the form of generalized linear (7 model 
for the field <P = F'Trexp( -(7)U [16]: 

Le11 (<P) = ~Tr (o~<P+o~<P)- V(<P) + £(4)(<P), (3) 

V( <P) 

(4) 
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The last two terms exactly reflect a contribution of a quark 
loop to the scale anomaly, i.e., nonvanishing divergence of the 
dilatational current D J.t 

f3(g) 2 """"' ) - ( ) 8~-tD~-t = r: = -G~-tv + L.)l +I; m;'lj;;'I/J; 5 
g . 

' 
in the lover energy region L with zero values of anomalous dimen­
sions /i. T he most interesting is the last term in ( 4) proportional 
to G~~~ which corresponds to the contribution of quarks to the 
Cell-Mann - Low /3-function, which in one-loop approximation 
contains pure gluonic part (proportional to the number of colors 
Nc) and fermionic part (proportional to the numbers of flavors 
NJ) 

n N 2 
f3(g) = -3 c- 3Nf 3 

l67r2 g (6) 

From the other hand, this term determines the mixing between 
the dilaton-quarkonium and the colorless configuration TrcG~11 
of the gluon field (glueball). The equation (4) suggests that the 
glueball field cannot interact directly with the chiral field, but 
only thr~ugh the c<;mpling with the quarkonium-dilaton meson. 
As the next step, one can introduce one-loop potential for glue­
ball field[l O], diagonalize the mass matrix and consider the gen­
eralization of Skyrme model with two o++ scalar meson-glueball 
and quarkonium. We estimate a mixir1g angle 8 between the 
glueball G(1590) and quarkonium fields using Eqs. ( 4) and (5) 
in the spirit ofthe Ref.[l8] and find that does non exceed 20. The 
small value of E> is consistent with the QCD sum rules approach. 
Thus, it is a good approximation to consider only the contribu­
tion of dilaton-quarkonium to the fvrmation of the baryon as a 
chiral soliton. 

As one cannot deduce the effective Lagrangian for the glue­
ball fields from the low-energy QCD we prefer to integrate out 
the gluon fields with some plausible assumptions. The full gen­
erating functional 

ZL = J DG exp{iWyM} J D~ exp{iWeJJ(u,G)} (7) 
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includes the integration over the gluon fields with the weight 
exp[iWvM]· We combine the last term in ( 4) with t e effective 
Yang-Mills Lagrangian and find that a variation oft e averaged 
value of the dilaton field (ao) = ac changes the effective coupling 
constant 

( 
1 Nfac) 2 1 2 

2g2 + 247r2 Tr cG I-'ll = 2g;f f Tr cG I-'ll • 
(8) 

At large positive values of ac the effective coupling constant 
9ef f decreases, going over to the regime of the asymptotic free­
dom. This obstacle enables us to calculate the effective potential 
not only in the region of low energies but also in the pertur­
bative region. Due to the asymptotic freedom, one can solve 
the renormalization group equation for the vacuum energy in 
one-loop approximation for the Gell-Mann-Low /3-fu ction [10] 
j3-:::: -bg3

, b = -(33- 2N1 )/487r2 using the correlati n between 
the vacuum energy and the trace of the energy-momentum tensor 

E = ~ (T~-') T~-' = j3(g) (aa· )2 
vac 4 1-' ' 1-' 29 IJ.ll (9) 

and find the principal contribution to the effective potential in 
the asymptotic freedom region (large ac)[15]: 

v; ( ) = _jUs (Ga )2) llNc- 2Nf ~cro = N f 
G ao \ 7r I-'ll 32Nc e ' c 67r2b (10) 

which replaces the last term in Eq.( 4). 
The corresponding effective lagrangian for the chiral and 

scalar fields in the limits of the large Nc is 

Le11 (U,a) = ~; e-2crTr [8~-'U8~-'U+] + N~; (8~-'a) 2 e-2cr + 

1 [ + +] 2 + -
8 2

Tr 8~-'UU ,BvUU -
12 7r 

CgNJ (e- 4cr- 1 + ~(1- e-~cr)) . (11) 
48 c 

This lagrangian is a generalization of the well-known Skyrme 
model[3] and takes into account the conformal anomaly of the 
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QCD. The first two terms are the kinetic terms of the chiral 
and scalar fields. The kinetic term of the chiral field has an ad­
ditional scale factor exp( -2a) in comparison with the Skyrme 
model. The third term is a well-known Skyrme term. The ef­
fective potential for the scalar field is a result of the extrapola­
tion of the low-energy potential into the high energy region in 
one-loop approximation to the Gell-Mann-Low QCD ,8-function. 
The parameter c depends on the number of flavors N1: c = 
8N1 j(33 - 2N1). 

In the baryonic sector we choose for the chiral field the spher­
ically symmetrical static Skyrme ansatz U(x) = exp[ir · nF(r)] 
where n = r/lr'l and Tis Pauli matrixes. It is convenient to intro­
duce a new field p( x) = exp( -a( x)). The mass functional for the 
dimensionless variable x = eF1fr has the form M = M 2 + M4 + V, 
where 

+= 
M 2 = 471" ~1f j dx [ :! x 2 (p') 2 + p2 

( x
2

(:')

2 

+ sin2 F)] , (12) 

0 

M4 
+= 

471" F1f J dx [sin2 F + (F')2] sin2 F ' 
e 2x2 

(13) 

0 

v F1f !+= 2 [ 4 4 ( ~ )] 411"---;Deff dxx p -1+~· 1-p . (14) 

0 

In Eqs.(12-14) the Skyrme parameter e is equal to 271" in ac­
cordance with Eq.(ll). For the factor Deff we have Deff = 
C9 NJI 48e2 F;. For the pion decay constant F1r we take its exper­
imental value F1r = 93M eV. The value of the gluon condensate 
is estimated by QCD sum rules C9 = (300 - 400M e V) 4

. The 
Euler-Lagrange equations for the shape functions F ( x) and p( x) 
follow to be: 

F" [p2x2 + 2sin2 F] + 2F'x [xpp' + p2
] + F' sin(2F)-

- p2sin(2F)- sin(2F)sin2 Fjx2 = 0, (15) 
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N, [ 11 '] [x2
(F')

2 
. 2 ] 

2 x xp + 2p - 2p 
2 

+ szn F 

-4Deff (p3- p~-1] = 0, (16) 

where prime corresponds to the derivative with respect to x. The 
solutions of the Eqs.(15-16) are graphically represented in Figs.1 
and 2. According to the virial theorem, the contri utions of 

F(I} 
3.0 

2.0 

1.0 

1'1.0 

Fig.l. Chiral angle F( x) 
in GSM and OSM for C9 = 
(300MeV)4 and N1 = 2. 
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Fig.2. Scalar meson shape 
function for G = c~l4 = 50 
Mev, 350 MeV and 1.0 GeV. 

the individual terms of the functional on solutions of the system 
must satisfy the condition M 2 - M 4 - 3V = 0, which can be used 
to control accuracy of the numerical solution of the system. The 
asymptotic behaviour at large distances for F(x) is identical to 
the Skyrme model F(x) "-J ajx2 and behaviour of p(x ) exhibits 
a rapid downfall from the unity: p(x) "-J 1 - bjx6 + .... The 
investigation of Eq.(15-16) at small distances gives: F "-J 1r N -
ax, p "-J p(O)+,Bx2

, p(O) # 0. The boundary conditio s ensure a 
finite mass functional for a given value of the topological charge 
N. 

Note, that there is another solution when the fun ct ion p(x) 
vanishes at the finite value of radius x = Xc, Xc =f. 0. Due to 
the factor exp( -2a) in front of the kinetic chiral term in (8) 
the dynamical chiral field does not propagate at distances less 
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than Xc and the bag-like structure emerges.The baryon charge is 
quantized on non-topological grounds in order to have the mass 
functional finite. 

In this paper we look for non vanishing solutions for p( x) at 
origin and the chiral shape function F( x) has the same boundary 
conditions m the main order as in the original Skyrme model 
(OSM). That is the reason why we call this model: general­
ized Skyrm e model (GSM). To calculate the properties of the 
baryon in GSM we introduce breather and rotational degrees 
of freedom[5] as a collective coordinates. We choose the time­
dependent chiral and scalar fields in the form 

U(r, t) = A(t)Uo ( e\t)r) A+(t) , p(r, t) = p0 ( e·\t)r) . (17) 

The time-dependent scalar parameter A plays the role of the col­
lective variable describing breather vibrations of the solutions of 
the stationary equations U0 ( f) and p( f). After canonical quanti­
zation and diagonalization in angular variables[5], we obtain the 
effective Hamiltonian 

, Pf S2 

H = + M (A) + 21 (A) . (18) 

Here P;.. is the quantum momentum operator corresponding to 
vibrations and S is the operator of spin. The effective mass 
m(A), the potential M(A) and the moment of inertia J(A) are 
given by the expression 

m(A) 
M(A) 

l(A) 

-3>.Q + ->.Q e 2 e 4 , 

e->.M2+e>.M4 +e-3>.V, 
-3>.1 + ->.! e 2 e 4 • 

(19) 
(20) 

(21) 

The coefficients M 2 , M4 and V are given by Eqs.(12-14) . Q2, 

Q4 , 12 and / 4 are the values of the following integrals: 
00 

Q2 = e3~7r J dxx
4 [p2 (F') 2 + :! (p')

2
] , (22) 

0 

Q4 
87r /00 e3F dxx2(F')2sin2F 

7r ' 

(23) 

0 
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(X) 

47r 1 J 2 2 . 2 J F7re3 dxx p szn F , (24) 
0 

(X) 

l61r_l_Jd 2 [(F')2 _sin
2
F] . 2 F 

3 F 3 
xx 

2 
szn . 

7re x 
(25) 

0 

Some numerical results are given in the Table and Fig.3, 
where the mean square root radius (r1) 112 of the baryon charge 

3.0 .-------------------------------------~~ 
Masses ( Ge V) J = 5/2 

2.5 

1.5 J = 1/2 

1.0 

0.5 L__L __ L__L __ ~~--~~--~--L__L __ L_~~ 

50 150 250 350 450 550 650 

Fig.3. Mass spectra of the ground and excited states in GSM 
(solid line) and OSM (dashed line). 

distribution 

JB(x) = __ 1 __ 1_F,sin
2 
F 

F7re 21r2 x 2 
(26) 

and mean square root radius < rfv >112 of the isovector charge 
distribution 

are also shown. 
The form factors of the neutron and proton have been calcu­

lated using the Eqs.(26-27) and graphically represente in Figs.4 
and 5. 
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Table. Main static properties of solution with B = 1 in the two 
flavor Generalized Skyrme Model for the choice of the parameters 
Ftr = 93M e V, e = 271", C9 = (300M e V) 4 • The results obtained 
in the Original Skyrme Model are given for the comparison. 

GSM GSM OSM OSM 
Values without with without with 

vibrations vibrations vibrations vibrations 
Mc1 839 1098 
Mn 1084 1026 1310 1288 

< 2 >~/2 r .., 0.38 0.45 0.34 0.45 
< r2 >~/2 

'v 0.65 0.77 0.68 0.85 

We should like to point out that the classical and rotational 
components of the baryon mass are much smaller as compared 
to the original Skyrme model. One can see a partial restoration 
of the chiral symmetry at small distances which appears as a 
suppression of the chiral kinetic term in (11) due to a deviation 
of the function p( x) from its asymptotic value equal to 1. (See 
Fig.2). 

0.08 r--- -------------------, 

0.06 

0.04 

0.02 

/ 

/ 

/ 

--..-
/ 

-.!<-

q2(Fm -2) 
o.oo~~--~--_L--~ __ L__J __ _L __ ~--L-~ 

0 5 10 15 20 25 

Fig.4. Elect romagnetic form factor of a neutron in GSM with 
vibrations (solid line with centered symbols), without vibrations 
(dashed line with centered symbols) and OSM with vibrations 
(solid line) , without vibrations (dashed line). 
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1.0 

' ' ' ' ' 
0.5 .... 

-'- ~ip~Ie 
-- --- ---

q2(Fm -2) 
0.0 

0 5 10 15 20 25 

Fig.5.Electromagnetic form factor of proton in GSM and OSM. 
Notations are the same as for Fig.4. 

The model that we have presented is based solely on chiral 
and conformal anomalies of the QCD and in comparison with 
the original Skyrme model it leads to the following results: 
(a) The chiral symmetry at small distances partially restored due 
to the suppression of the chiral kinetic term; 
(b) The classical Skyrmion mass crucially decreases; 
(c) Skyrmion is a very compact object that leads to a large value 
of the N- D. mass splitting; 
(d) The nucleon mass in this model is in good agreement with 
the experimental one. 
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3KCIIEPMMEHT AJibHAY IIPOBEPKA 
rMIIOTE3bl CKOBEJibll;biHA - BAJI,[(MHA 
0 BbiJIETE HECT ABMJibHbiX qACTMIJ; IIPM PACIIA,[(E 214Bi 

IO.H.lloKOTHJIOBCKHH, r.r. TaxTaMbiiDeB 

llpone,11eHa 3KcnepHMeHTll.llbHall nponepKa rnnOTe3b/1 •3/ o no3MO>KHOCTH 

pO>K,I1eHHll C nepOliTHOCTbJ() -10% npH pacna,11e 214Bi HOBOH 'laCTHI..{bl 

(e + e-e-) c Maccol1 -1,5 M3B/c2 H npeMeHeM >KH3HH -10-10 c, pacna,11aJO­

II..{ei1cll Ha 3JieKTpOH H y-KoaHT. MeTOJ10M H3MepeHHll cneKTpa 3JieKTpOHOB (o 

COnna,11eHHliX C }'-KDaHTaMH) OT B03MO>KHOI'O pacna,11a TaKHX 'laCTHI..{ Ha JieT)' 

yCTaHOBJieH npe,11eJI -10-3 (ypOBeHb ,110CTOBepHOCTH 90%) Ha oepOliTHOCTb 

OOliBJieHHll TaKOH 'laCTHI..{bl B pacna,11e 214Bi. 
Pa6oTa obmOJIHeHa o Jia6opaTOpHH Hei1TpOHHOH <j>H3HKH OHJI.M 

Experimental Verification of Skobeltsyn- Baldin Hypothesis 
of the Emission of Unstable Particles on Decay of 214Bi · 

Yu.N .Pokotilovskij, G.G. Takhtamyshev 

The hypothesis was verified experimentally of about 10% probability of 

emission following 
214

Bi decay of the new particle having the mass > 1.5 MeV I c2 

and the lifetime -10-10 s then decaying into an electron andy-quantum. The 

limit of the emission of such particles following 2.1 4Bi decay was establi hed to be 

-10-3 at a confidence level of 90% by measuring electron spectra inc incidence 
withy-quanta from the possible decay of these particles in their flight. 

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

I.l,eJibiO ~aHHoii pa6oTbl .siBJISieTC.si nposepKa rHnoTe3b/ 1 1 o B03MO)I(HOCTH 
214 + - -

po)l(~eHH.si s pacna~e Rae( Bi) pe3oHaHcHoro cocTO.siHH.si (e e e ) c Mac-
-10 

coil m ~ 3me H speMeHeM )I(H3HH -10 c, pacna~a10m;eroc.s~ Ha 3JieKTPOH H 

y-KBaHT. 3Ta rHllOTe3a B03HHKJia B CBSI3H CO CJie~yiOIIJ;HMH TpeM.si o6CT0.51-
TeJlbCTBaMH. 

1. He o6b.s~cHeHbl no ceil ~eHh 3KcnepHMeHTaJibHble pe3yJihTaTbl 
,[(.B.eKo6eJibU,b1Hi21 , KOTOpbiH Ha6JIIO~aJI aHOMaJibHO OOJihmoe H Heyn­
pyroe pacce.siHHe y-Jiy'leii H3 Rae Ha 6oJibmHe yrJibl H no3~Hee131 HH­
TepnpeTHpoBaJI CBOH Ha6JIIO~eHH.51 KaK po~eHHe C BepO.siTHOCTbiO 
7-12% npH fi-pacna~e Rae H pacna~ Ha JieTy 'laCTHU.bl c Macco:H: 
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3m H BpeMeHeM )I(H3HH (2-5) ·10-IO C Ha 3JieKTpoH H HelfTpaJibHYJO 
e 

l.JaCTHU:Y· 

2. YaKHe (e+e-) nHKH B AHanaaoHe ::xt><PeKTHBHbiX Mace 1,6+1,8 M3B 

Ha6JIJOAaJIHCb 11 nOCJieAHHe roAhl B GSI <LI.apMmTaAT) npu CTOJIKHOBeHHH 

Ol.JeHb TSDKeJibiX HOHOB/
4
-

6/ npH 3HeprHSIX HH)I(e KYJIOHOBCKOro 6apbepa, 

KOTOpble MO)I(HO HHTepnpeTHpoBaTb KaK pacnaA HeH3BeCTHbiX AO CHX nop 

KBa3HCBSI3aHHbiX COCTOSIHHH (e +e-). 
3. TeopeTHl.JeCKHe pac'leTbl/7 

1 
s paMKax KBaaunoTeHU:HaJibHOro noA­

XOAa AJISI CHCTeMbl H3 ABYX <f>epMHOHOB npHBeJIH K BbiBOAY 0 cym;eCTBO­

BaHHH 6oraToro cneKTpa peJISITHBHCTCKHX KYJIOHOBCKHX 1£eBHeil. 

CxeMa 3Kcn epHMeHTa noKa3aHa Ha puc. 1. 11CTO'IHHK ~a (1) Mom-

HOCTbJO 3, 7 · 105 
BK pacnoJiaraJICSI B CBHHU:OBOM KOJIJIHMaTope (6) BHYTPH 

-2 
BaKyyMHOH K a Mepbl (4) (BaKyyM -10 TOpp). JiHTeHCHBHOCTb HCTO'I-

HHKa no 
214Bi onpeAeJISIJlaCb AO H nOCJie H3MepeHHH H KOHTpoJIHpOBaJiaCb 

so speMSI uaMepeHHH. ToJim,HHa repMeTH'IHoro noKpbiTHSI (Ti0
2

) HCTOli.­

HHKa He npeBblillaJia 0,3 MKM, 'ITO o6ecne'IHBaJIO llOJIHbiH BbiXOA 3apSI-
+ - -

)l(eHHbiX l.JaCTH U: H3 HCTO'IHHKa. PacnaAhl rnnoTeTH'IeCKHX (e e e )-lla-

CTHU: Ha pacna AHOH 6a3e HCKaJIH nyTeM H3MepeHHSI CneKTpa 3JieKTpoHOB 

npH COBnaAeHH H CHrHaJIOB OT 3JieKTpoHHOro H y-AeTeKTOpoB, B Ka'leCTBe 

KOTOpbiX HCllOJlb30BaJIHCb CU:HHTHJIJlSIU:HOHHbiH nJiaCTHK pa3MepoM 

0 78x15 MM (2) H CU:HHTHJlJlSITOp NaJ (Tl) pa3MepoM 0 150x100 MM 

(3) B KOJlJlHM aTope 0 95 MM. 3HepreTH'IeCKaSI KaJIH6poBKa 3JieKTpoH­

HOro cneKTpoM eTpa nl'H3BOAHJiaCb C llOMOIUbJO HCTO'IHHKOB KOHBepcH­

OHHbiX 3JieKTpOHOB 
11 

Sn (E = 363 K3B) H 
207Bi (E = 972 K3B), a TaK-. . e e 

)l(e nO cneKTf.aM KOMnTOHOBCKOro pacceSIHHSI y-Jiy'leH/S/ H3 HCTO'IHHKOB 
88y, 6

°Co, 
5 

M n. 3HepreTH1.JecKoe paapemeHue npu Ee = 1 M3B cocTas-

JISIJIO 50% (nOJIHaSI IDHpHHa Ha llOJIYBbiCOTe). 3ctxl>eKTHBHOCTb y-AeTeK­

TOpa B reoMeTpHH 3KCnepHMeHTa H3MepSIJiaCb C llOMOID;biO CTaHAapTHbiX 

y-HCTOl.JHHKOB LI.JISI nOrJIOID;eHHSI rHllOTeTH'IeCKHX 'laCTHU: npH H3Mepe-

30 

P11c.l. CxeMa 3Kcnep11MeHTa: I -
11CTO'IHI1K 226Ra. 2 - nJJ3CTH'Ie­

CKI1H CU.11HTI1JIJI!IT0p 0 78xl5 MM, 

3 - CU.11HTI1JIJJ!ITOp NaJ (TI) 

15QxiQQ MM, 4 - B3KYYMH3!1 Ka ­

Mepa, 5 - <J>3Y, 6 - Cll11HU.Oilble 

KOJJJ111M3T0pb1 11 3311.(11T3, 7 - CBe­

TODO):I 113 oprcTeKJJ3 



0.5 

4 

0.5 0.9 1.3 1.7 

P11c.2. CneKTp bl :meKTpoHOB np11 

COBna~eHI111X C y-KB3HT3MH: a -

113MepeHHble 6e3 nOrJIOTI1TeJISI (1) B 

ny'IKe 11 c Al-n rJIOTHTeJieM TOJII.I.\11-

HOH 4 MM (2) paC'IeTHblH CneKTp 

(3); 6 - np11 CJiy'laHHbiX cosna~e­
HHIIX C y-KB3HTaMI1 (TO'IKH) 11 pa3-

HOCTHbiH cneKTp (6e3 nOrJIOTI1TeJIII 

11 C nOrJIOTI1TeJleM) C y'leTOM CJiy­

'13HHbiX COBna)le H11H (Kpy>KKI1) 

HUU <t>oHOB X CneKTpoB UC­
TO'IHUK 3aKpb1Ba;ICSI AI no­
rJioTuTe.n:eM TOJIIIJ.UHOH 
4 MM, KOTOpbiH ~OJI)KeH 

nOJIHOCTbiO TOpM03UTb 3apS1-
)KeHHble llaCTUI.I,bl C MaCCOH 

6oJiblle 3m e B ~OCTynHOM 

3HepreTU'IeCKOM UHTepsane 
(E = 2,3 M3B). 113MepeHHble 3JieKTpoHHble cneKTpbl (npu cosna~e-

MaKc. 

HUU C UMllYJibCOM y-AeTeKTOpa) C norJIOTUTeJI.eM U 6e3 Hero nOKa3aHbl 
Ha pUC. 2,a COOTBeTCTBeHHO KpUBbiMU 2 U 1 (TO'IKU COOTBeTCTBYIOT 3Hep­
reTU'IeCKUM UHTepsanaM no 100 K3B, CTaTUCTU'IeCKUe norpemHOCTU 
MeHbme pa3Mepa TO'leK). CneKTP CJiyllaHHbiX cosna~eHuH: npu U3Mepe­
HUSIX 6e3 nOrJIOTUTeJISl U pa3HOCTHbiH cneKTp (3a BbllJeTOM CJiyllaHHbiX 
COBna~eHUH) noKa3aHbl Ha puc. 2,6 TO'!KaMU U Kpy)I(KaMU COOTBeTCT­
BeHHO . 

.ll,JISI cpaBHeHUSl 3KcnepuMeHTaJibHbiX AaHHblx c nposepSieMou mnoTe-
30H 6biJIO npose~euo 'lUCJieuuoe MOAe.n:uposauue co6hiTUH BbiJleTa U3 uc­
TO'IHUKa u pacnaAa runoTeTullecKux llaCTUI.I, ua 3JieKTpoH u y-KBaHT. Mo­

AeJiuposauue 6b1Jlo npoBeAeHo AJISl Mace 1,5; 1,8; 2,0 M 3B/c
2

, speMeH 

)KUJHU 5·10- 11 ·10- 10· 3·10- 10·10-9·3·10-9 c AJISI Tpex pa3JIU'IHblx 

cneKTpoB ucnycKaeMbiX (e + e-e-)-llaCTHI.I,: 

a) <PepMuescKHH cneKTp N(E) -pE(E
0

- £)2, rAe p- UMnyJibC, E 

nonua5! 3Hepm5! llaCTUI.I,bl, £ 0 - 3Hepros~e.n:euue npu ,8-pacnaAe; 
6) paBHOMepHbiH cneKTp no UMnyJibcy; 
B) paBHOMepHbiH CneKTp no CKOpOCTlf llaCTUI.I,bl; 3TO pacnpeAeJieHUe 

npeAnonaranocb B pa6oTefJ/. 

PacnaA llaCTUI.I,bl MOAeJiuposancSI uJoTponuo B cucTeMe noKOSI lJaCTUI.I,, 
u oroupanHCb COObiTHSI, B KOTOpbiX 3JleKTpoH u y-KBaHT nonaAaJIU B co­
OTBeTCTBYIOll.I,Ue AeTeKTOpbl . .ll,JISl oTo6paHHbiX co6b1TUH cTpoHJICSI cneKTp 
3Hepmii 3JieKTpoHoB, npulleM YllHTbiBaJIUCb 3<P<PeKTHBHOCTb H 3Kcnepu-
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-
MeHTaJibHOe pa3pemeHne cneKTpoMeTpa 3JieKTpoHOB (!l.E-E 112

). Bcero 

TaKHM oopa30M 6bUIO npoBeAeHO 45 BapHaHTOB MOAeJIHpoBaHHSI (3 MaCChi 

X 3 cneKTpa X 5 BpeMeH )I(H3HH) llpH CTaTHCTHKe 1 rf pacnaAOB 4aCTH~ 
Ha npocMaTpnsa eMOH AeTeKTopaMH pacnaAHOH 6a3e ycTaHOBKH AJISI Ka)I(­

AOro sapnaHTa. Ha puc. 2,a rncTorpaMMa 3 noKa3hiBaeT OAHH H3 pe-

3YJibTaTOB TaKOro MOAeJIHpoBaHHSI AJISI KOM6HHa~HH napaMeTpoB, npeA-

llOJiaraeMhiX B pa6oTe
131: Macca 1,5 M3B, speMSI )I(HJHH 3 ·10- 10 

c, 

cneKTp, paBHOMeiJHbiH llO CKOpocTH, BepoSITHOCTb HCnyCKaHHSI 4aCTH~bl 

10% Ha pacnaA 
214

Bi. B cooTBeTCTBHH c nposepSieMOH rnnoTeJoH: Mbl 

npeAnOJiaraJIH, 4 TO 3KcnepnMeHTaJibHhiH cneKTP N 1 (E) onnchlsaeTCSI CJie-

AYIOIIl.HM Bhlpa)l(eHneM: 

N 1(E) = (1 + a)NiE) + f3N/E), 

rAe N
2
(E) - 3KcnepnMeHTaJibHbJH cneKTp, H3MepeHHhiH c norJIOTHTeJieM, 

N
3
(E) - paC4CTHhiH cneKTp, a - K03Qxf>H~HeHT, xapaKTepH3YIOIIl.HH 

H3MeHeHHe ¢QHa COBllaAeHHH npH H3MepeHHSIX C llOTJIOTHTeJieM, {3 -
u 1 214B. 

BepoSITHOCTb po)I(AeHHSI I'HllOTeTH4eCKOH 4aCTH~bl Ha pacnaA I. 

oJIH3KOe noAo6He 3KcnepnMeHTaJibHbJX cneKTpoB cosnaAeHHH, H3Me­

peHHbJX 6e3 norJIOTHTeJISI H c Al-norJIOTHTeJISIMH TOJIW.HHOH 2, 4 H 8 MM, 

a TaK)I(e c Pb-n orJIOTHTeJieM TOJIIIl.HHOH 7 CM, noJBOJIHJIO HaM CliHTaTb 

napaMeTp a He JaBHCSIIIl.HM OT 3Heprnn. OrpaHH4eHne Ha sepoSITHOCTb 

{3 HaXOAHJIOCb n yTeM MHHHMH3a~HH x2 
npH sapbHpoBaHHH napaMeTpOB 

a H {3 AJISI 18 3 KCnepHMeHTaJibHbJX T04eK • .Ll,JISI BCeX HCllbJTaHHbJX BapH-

aHTOB MHHHMaJibHOe 3Ha4eHHe x2= 13,5 COOTBeTCTBOBaJIO f3 = 0. Ha 

pnc.3 noKa3aHbl THllH4Hbie KpHBble 3aBHCHMOCTH x2 
OT {3. OrpaHH4eHHe 

x2 

32 

C 90% ypoBHeM AOCTOBepHO­

CTH B HaWeM CJiy4ae COOTBeT-

CTByeT 3Ha4eHHIO x2
, Ha 4,6 

npeswwa10w.eMy MHHHMaJib-

Hoe 3Ha4eHHe x2 
(BeJIH4HHa 

4,6 CJieAyeT H3 pacnpeAeJie-

PHc.3. 3aBHCHMOCTb x2 OT nepOSITHO­

CTH pOlKACHH!I rHilOTCTH'lCCKOH •laC­

TH~bl P npH ABYX KOM6HHa~H!IX 
napaMCTpou: I - m = 1.5 M:>ll, 

T = 5 · I o-Il C, CllCKTp paBHOMCpHbiH 

10 L_ no HMnynbcy; 2 - m = I ,5 M3B, 
- 4 2 J 5 ,..J 2 J 5 ,..2 

10 1u 1u j!) T = 3 · 10- II c, cneKTP <l>epMH 



HHSI x2 
AJISI ABYX CTeneHeH CBoOOAbl). B Ta6JIHIJ;e npHBeAeHbl OJiyl.leHHble 

OrpaHH4eHHSI Ha napaMeTp {3, COOTBeTCTBYIOIIJ;He 90% ypoBHIO AOCTOBep­

HOCTH. llpH HamHX npeAIIOJIOJKeHHSIX 0 <J>opMe CIIeKTpa, MaCCe H Bpe­

MeHH JKH3HH OTHOCHTeJibHaSI AOJISI rHIIOTeTHl.JeCKHX l.JaCTHIJ; B pacnaAe 
RaC He npeshlmaeT 1%, a AJISI mnoTe3hl/l-3/ orpaHHl.leHue cocraBJISieT 

10-3, l.JTO IIOl.JTH Ha 2 IIOpSfAKa HHJKe BeJIHl.JHHbl, npHBeAeHHOH / 1
•31• 

Ta6JJHL\a. OrpaHH'IeHHll Ha sepOliTHOCTb f3 (x 103) po>Kt~eHHll rnnoTeTH'IeCKOH qacTHL\bl 
+ - - 214 ( e e e ) s pacnat~e Bi Ha yposHe JIOCTosepHOCTH 90 % np11 pa3JJH'IH IX npet~nono-

>KeHHSJX o Macce M, speMeHH >KH3HH T 11 q,opMe cneKTpa HcnycKaeMbJX 'laCTHL\ . 

T, C 5 · 10-11 I0- 10 3·10-10 10- 9 3·10-9 q,opMa cneKTp 'laCTHL\ 

M, M3B 

1,5 3 I 0,7 1,5 5 q,epMH 
4,5 1,5 1,25 4 4,5 PasHOMepHbJH 110 HMnynbCy 

7 3,5 1,8 3,5 6 PaBHOMepHbiH 110 CKOPOCTH 

1,8 3,5 0,8 0,5 0,7 2 q,epMH 
4 0,9 0,5 1,3 3 PaiiHOMepHbJH 110 MMnynbcy 

8 3,5 I 2,5 3 PaBHOMePHbiH 110 CKOPQCTH 

2,0 5 0,8 0,3 0,6 I q,epMH 
4,5 0,8 0,5 0,7 2,5 PasHoMepHbJH 110 HMnyJJbCY 

8 2 0,8 1,5 2,5 PasHoMepHbiH 110 CKopOCTH 

TaKHM o6pa3oM, sonpoc o TOM, l.JTO JKe Ha6JIIOAaJIOCb s 3KcnepuMeH­

Tax CKo6eJI&IJ;hiHa, CJieAyeT Cl.IHTaT& OTKphiThiM. B CBSI3H c 3THM HYJKHO 

OTMeTHTb, l.JTO B HameM 3KCnepHMeHTe He rrposepSIJIOCb rrpeAIIOJIOJKeHHe 

0 B03MOJKHOCTH pacnaAa l.JaCTHIJ;bl Ha 3JieKTpoH H HeHTpaJibHYIO Hepem­

CTpHpyeMyiO 'laCTHIJ;Y. 

B 3aKJIIO'IeHue asTopbl BhlpaJKaiOT 6JiaroAapHOCTb JI.E.TIHKeJI&Hepy H 

BJ1.Cl>ypMaHy 3a noMepJKKY pa6oThl, B.r.IIIyMKosy, A.A.Mn xaHJiosy H 

B.r.Poro3osu;y 3a H3rOTOBJieHHe HCTOl.JHHKOB u C.E.Eop3aKoay 3a npo­

BeAeHHe KOHTpoJibHbiX H3MepeHHH aKTHBHOCTH HCTO'IHHKOB. 

1. IiaMHH A.M. - B c6.: KpaTKHe coo6Iu;eHHSI 011.SII1 N_ 3 [ 42 ]-90, 
LJ:y6Ha, 1990, c.4; KpaTKHe coo6Iu;eHHSI no <Pn3HKe (Cl>I1AH) NQ 6, 
1990, c.42, 
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CEqEHlUI OBPA30BAHIUI HE:ATPOHO,l(E<l>UU:UTHbiX 

U30TOTIOB Bi U Pb B PEAKU:U~X 4°Ca + 151 •153Eu 

A.H.AHJwees, .Ll, • .Ll,.BorJJ;anos, A.B.EpeMuu, A.n.Ka6a'lenKo, 
IO.A.My3hi'IK3, r.c.noneKO, B.H.nycTblJibHHK, r.M.Tep-AKonb51H, 
B.H.l.Jenumu 

flp08e,lleHbl H3MepeHHSI a6cOJIIOTHbiX Ce'leHHH (xn)- H (p, Xn)-KaH8JI08 8 

peaKU.HSJx 40ca + 151 •153Eu 8 o6nacTH 3Heprni1 8036ylK,lleHHSJ 40-70 M3B . . 
Cpa8HeHHe 3KcnepHMeHT8JibHbiX ce'leHHH c pac'leTaMH no MOJIH4>HU.HpouaH­
Hoi1 nporpaMMe ALICE noKa38Jio, 'ITO YJIOBJieT80pHTeJibHoe cornacHe MOlKHO 
DOJIY'IHTb 8 npe,liDOJIOlKeHHH 0 3Ha'IHTeJibHOM yMeHbWeHHH 6apbepo8 ,lleJieHHSI 
,liJISJ Hei1TpOHO,lle<J>HU.HTHbiX H30Tono8 Pb-Bi. C npHBJie'leHHeM ,li8HHbiX o ce-

'leHHSJX (xn)- H (p, xn)-KaHaJI08 ,liJIII peaKU.Hi1 40 Ar + 165Ho, 24,26Mg + 

+ 18 1Ta, 40ca + 159Tb H 40 Ar + 159Tb npo8e,lleH aHaJIH3 CTeneHH o6ocHo-
8aHHOCTH TaKOrQ 3aKJIIO'leHHSI. 

Pa6oTa 8binOJIHeHa 8 Jla6opaTOpHH 11,11epHbiX peaKU.Hi1 OOSUI. 

Cross Sections of the Production of the Neutron-Deficient 

Isotopes of Bi and Pb in Reactions 4°Ca + 151 •153Eu 

A.N .Andreev et a!. 

The absolute cross section measurements of the (xn)- and (p, xn)-channels 

in the reactions 40ca + 151 •153Eu in the excitation energy range of 40-
70 MeV were carried out. Experimental cross sections are compared wit the 
model calculations using a modified program ALICE and it is shown that 
satisfactory agreement can be achieved by the assumption of a significant 
decrease of the fission barriers for the neutron-deficient isotopes Pb-Bi The 
analysis of the validity of this conclusion with the account of the data on the cross 

sections of the (x n)- and (p, xn)-channels for the reactions 40 Ar+ 165Ho, 
24•26Mg+ 18 1Ta, 40ca + 159Tband 40Ar + 159Tbiscarriedout. 

The investigation has been performed at the Laboratory of Nuclear Reactions, 
JINR. 

npu OOCy~eHHH JJ;3HHbiX 0 Ce'leHHSIX 00p330B3HH51 HeHTpoHOJJ;ecPHU.HT­

HhiX H3oTonos At u Po s peaKU.HSix noJiuoro CJIHSIHHSI c uouaMu 
40 Ar, 40

ca u 
24 26 /1/ 

' Mg 6blJio OTMe4eno, 4TO cTeneub corJiaCHSI 3KfnepuMeHTaJibHbiX pe-

3YJibT3TOB C paC4eTOM no CT3THCTH'IeCKOH MOJJ;eJIH/Z nOCTeneHHO yxyJJ;ma­

eTCSI no Mepe YBeJIH'IeHHSI ueuTpouuoro JJ;ecPHU.HTa HCCJieJJ;yeMbiX HYKJIHJJ;OB. 
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.[LnSI nau6onec neihponoJI.eQJHU.HTHbiX H30Tonos At H Po, o6pa3yi011J,HXCSI B 
40 159 u 

peaKU.HH C a + Tb, 3KcnepuMeHTaJibHhle 3Ha4eHHSI celfeHHH oKa3aJIHCb 

MCHbiiie paClf eTHbiX B 10-15 pa3. LI,JISI TOro 4TOObl BbiSICHHTb npH4HHbl 

TaKOro paCXO)KJI.CHHSI, 6biJ1H npoBeJ].eHbl 3KCnepHMeHTbl nO H3MepeHHIO Celfe­

HHH o6pa3oBa HHSI neliTpOHOJI.eQJHU.HTHhiX H30Tonos Bi H Pb B peaKU.HSIX 

nonnoro CJIHSIHHSI c HonaMH 
40 

Ar H 
40c/31. Cpasnenue 3KcnepnMeHTaJib­

HbiX celfeHHH o6pa3oBaHHSI neihponoJI.eQJHU.HTHbiX H30Tonos Bi, o6pa3yi0-

11I.HXCSI B peaK U.HH 
40 

Ar + 159
Tb, c paclfeTOM noKa3ano, 4TO yJI.osneTBOpH­

TeJihHoe COrJ1aCHe JI.OCTHraeTCSI TOJlbKO npH YMCHbUieHHH 3Ha4CHHH 

)KHJI.KOKaneJibHbiX 6apbepOB J].eJieHHSI J].JlSI 3THX H30TOnOB Ha :!!25% no CpaB­

HeHHIO CO 3Ha 4eHHSIMH, paCC4HTaHHbiMH no MOJ].eJIH BpalU,aiOllJ,eHCSI 3apS1-

)KeHHOH KaiLIIH/
4
/. ll,eJibiO HaCTOSillJ,eH paOOTbl SIBJlSIJlOCb 3aBepUieHHe H343-

Tb1X B paooT/
3

/ 3KCnepHMCHTOB nO H3MCpCHHIO Ce4CHHH o6~a30B3HHSI 
neiiTponoJI.e<t>HU.HTHhiX H30Tonos Bi H Pb B peaKU.HSIX 

4
°Ca + 1 1

•
153Eu, a 

T3K)Ke 3HaJIH3 BCeH COBOKynHOCTH noJiylfeHHbiX pe3yJibT3TOB. 

3KcnepHMCHT3JlbH3SI MCTOJI.HK3 H pe3yJibT3Tbl H3MepCHHH 

3KcnepHMCHThl npoBOJI.HJIHCb na U.HKJIOTpone Y -400 J15IP OJ15Il1. l1c­

nonb30BaJIHCb BbiBCJ].eHHbiC ny4KH HOHOB KaJibU.HSI C :mepmeH 215 H 

228 M::~B . l13MenenHe 3Hepnm HOHOB c rnaroM 3-6 M::~B ocyllJ,eCTBJISI­

JIOCb C nOMOI.l.lbiO THT3HOBblX H 3JliOM11HI1CBblX nOrJIOTHTCJleH. 3neprHSI 

ny4Ka, nOCJIC npOXO)KJ].eHHSI nOrJIOTHTCJleH, KOHTpOJI11pOB3J13Cb nO ::mcp-
. • 2 

r1111 HOHOB, p aCCCSIHHbiX Ha TOHKOH (200 MKr/CM ) 30J10TOH Q>OJibrC Ha 

yroJI 30• , 113MepS1eMOH nosepXHOCTH0-6apbCpHhlM nonynpOBOJI.HHKOBbiM 

JI.eTeKTopoM. Pa36poc 3HeprHH HOHOB ny4Ka ne npeBhiUiaJI 2%. CpeJI.HSISI 

HHTCHCI1BHOCTb ny4K3 Ha M11UICHH COCT3BJ1SIJ13 (2-3) 1011 
43CT./ C H 113-

MepS!JI3Cb U.HJlHHJI.pOM <l>apaJ].CSI. MHUICHH 6biJ1H H3roTOBJ1CHbl 113 OKI1CJ10B 

espon11SJ TOJi mHHOH (500±50) MKr/ cM
2

. Cnou OKHCJIOB nanocHJIHCb na 

THT3H0Bble (1 ,35 Mr/ CM
2

) 11 aJIIOMI1HHeBble (0,2 Mr/ CM
2

) nOJ].JlO)KKH. 

TonllJ,HHa M Hrneneu onpeJ].eJISJJiaCh B3BCUII1BanueM c T04HOCTbiO ne xy)Ke 

10%. J130TOnHOe o6orameHHC MHUICHI1 113 eBpollHSI- I 53 COCT3BHJ10 

99,1 %, 113 e sponHSJ-151 - 97,5%. 

0TJI.CJ1CHHC npoJI.yKTOB peaKU.11H llOJlHOro CJ111SIHHSI OT ny4K3 H npo­

JI.YKTOB peaKU.11H nepe]l.alf OCYlli.CCTBJlSIJlOCb C nOMOI.IJ,biO KI1HCM3TH4eCKOro 

cenapaTopa B ACI1JIJ1CA
151, s KOTOpoM npoucxOJI.HJIO pa3JI.enenHe npo­

JI.YKTOB peaKU.HH no 3JieKTp114ecKoii )KeCTKOCTI1. DpoJI.yKThl pcaKU.11H non­
nora CJlHSIHH SI Q>oKyCHpoBaJII1Cb B JI.CTCKT11py101.IJ,YIO CHCTCMY, paCnOJIO­

)KeHHYIO B Q>oKaJibHOH II.IIOCKOCTI1 cenapaTOpa Ha paCCTOSIHHH 12 M OT 

MI1UieHI1. 
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.lJ.eTeKTHPYIOW.3R CHCTeMa COCTOVIa H3 ~BYX BpeMRnpoJieTHhlX ~eTeK­

TOpoB ~JISI H3MepeHHSI BpeMeHH npoJieT3 ~ep - npo~yKTOB peaK~H H 

COOpKH H3 CeMH nOJiynpoBO~HHKOBhiX ~eTeKTOpoB ~JISI H3MepeHH.SI KHHe­

THllecKOH ::mepmu ~ep OT~a'IH u a-qacruu;. 3HepreTullecKoe pa3peme­

HHe nOJiynpoBO~HHKOBhiX ~eTeKTOpoB npH HX OXJia~eHHH ~0 TeMnepa­

Typhl 265 K cocraBJIVIO 30-40 K3B. 3JieKTpoHHaR a nnapaTypa 

n03BOJIVI3 nOJIYli3Tb H H3K3llJIHB3Tb ~3HHhle 00 3HepmH H Bp eMeHH npo­

JieTa ~ep OT~a'IH, speMeHH ux npuxo~a B ~eTeKTop, o6 3HeP,mH H spe­

MeHH a-pacna~a HYKJI~os, HMDJiaHTHposaHHhiX B ~eTeKTop761 • 
l13MepeHHe 3Qxl>eKTHBHOCTH cenapaiJ;HH npo~yKTOB peaKIJ;HH nOJIHOro 

CJIHSIHHSI npoBO~HJIOCb Henocpe~CTBeHHO B K3~0M 3KCnepHMeHTe. LI.JI.SI 

3TOH IJ;eJIH HCnOJib30BaJI3Cb KaJIH6poB01.1H3SI peaKIJ;H.SI 
40 Ar + ecro·y. ToJI­

W.HHa MHIDeHH H3 ~HCnpo3HSI COCT3BJIVI3 (600±50) MKr/cM
2

• 3a MH­

meHbiO yCTaH3BJIHBaJICSI aJIIOMHHHeBhiH COOpHHK TOJIID;HHOH 1,8 Mr/ CM
2

, 

KOTOphiH nOCJie 15-MHHYTHOro OOJiylleHHSI nepeHOCHJICSI 33 Bp eMR =:30 C 

K nOJiynpoBO~HHKOBOMY ~eTeKTopy, pacnOJIO)I(eHHOMY B MHm eHHOH Ka­

Mepe. B HHTepsane speMeHu 10+ 15 MHH nposo~HJIHCh H3M peHHR KpH­

BhiX a-pacna~a 3KTHBHOCTeH, HMllJI3HTHpoB3HHhiX B COOpHHK • .AHaJIOI'Hli­

Hhie H3MepeHHSI npoBO~HJIHCb ~Jl.SI 3KTHBHOCTH, HMllJI3HTHpoB3HHOH B 

nOJiynpoBO~HHKOBhle ~eTeKTOphl, pacnOJIO)I(eHHble B <f>oKaJibHOH llJIOCKO­

CTH cenapaTopa. CpasHeHue 3THX ~aHHhiX no3BOJIVIO onpe~eJIHTh BeJIH­

liHHY 3Qxl>eKTHBHOCTH CenapaiJ;HH C TO'IHOCTbiO 25%. 

Ha6JIIO~asmuecR s pa6oqux 3KcnepuMeHTax a-aKTHBHOCTn npuHa~Jie­
)l(aJIH, B OCHOBHOM, H30TOnaM BHCMyTa H CBHHIJ;a, KOTOphle OOp330BhiB3-

JIHCb H3 KOMnayH~-.SI~ep B (xn)- H (p,xn)-K3HaJI3X peaKIJ; H. l1~eHTH­

cPHK3IJ;HSI HYKJI~OB nposo~uJiaCh no 3Hepmu a-nepexo~ B, nepuo~y 

noJiypacna~a u no cPYHKIJ;HRM B036y~eHHR. XapaKTepucTHKH H30Tonos, 

ucnoJih3yeMble ~JI.SI ~eHTHcPHKau;uu, 6paJIHCh H3 pa6oT/7- IO/. DhlJIH 

npose~eHbl H3MepeHHSI BhiXO~OB a-aKTHBHOCTeH B ~Hana3 He 3HepmH 

so36y)l(~eHHR cocTaBHoro ~pa 45-70 M3B. llpu paclleTax 3Hepmif so3-

6y~eHHR KOMnayH~-~pa 3Hepm.S1 ny'IK3 HOHOB CliHTaJI3Ch paBHOH 

3HeprHH B cepe~HHe MHmeHH. llOTe£H 3HepmH B nO~JIO)I(Ke H CJIOe MH­

meHH Y'~HThiBaJIHCh no Ta6JIHIJ;aM
11 1. LI,JIR paclleTa BeJIH'IHHhl Q-peaK­

u;uu ucnOJih30BaJIHCb Ta6JIHIJ;hl Mac/
131

. CTaTHCTHllecKaR o mu6Ka ~JI.SI 
OOJihmHHCTBa 3KcnepuMeHTaJihHhiX pe3yJihTaTOB He npeBhi maJia 5%. 
KoHTpoJih, npose~eHHhiH no socnpoH3BO~HMOCTH pe3yJihTaTo OT~eJihHhiX 

H3MepeHHH, nOK33aJI, liTO TO'IHOCTb H3MepeHHH COCT3BJI.SieT 25% ~Jl.SI OT­

HOCHTeJibHbiX BhiXO~OB a-aKTHBHOCTeH. .lJ.JIR BhlliHCJieHHSI 30COJIIOTHhiX 

3HalleHHH CelleHHH HCnOJib30BaJIHCb 3HalleHHSI sepoRTHOCTe a-pacna~a 

HYKJI~os (a-BHJIKH) H3 pa6oT
17•8•111. Ha puc. 1 u 2 noKa3a B~ cPYHK-

u;uif B036y~eHHSI ~Jl.SI (xn)- H (p,Xn)-KaHaJIOB peaKIJ;HH 
40

Ca + 153Eu 
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Ta6JIHU.a I. <l>yHKU.HH uo36YlKJieHHSI u peaKU.HH 153Eu + 40ca 

E*, M::JB Ce'leHHe, MK6 

3n 4n Sn p3n p4n pSn 

41* 3 
47* 8 2 
53* 22 14 620 
55* 23 • 30 1,5 950 17 
57 19 26 2,5 1300 65 
62 6 20 6,5 1200 220 2,0 
65* 5 17 8,0 1800 310 2,5 
67 3 8 7,5 900 350 16 
76 2 3,5 270 230 42 

* )J,aHHble H/ 3/ 

· Ta6JIHU.a 2. <l>yHKU.HH uo36YlKJieHHSI u peaKU.HH 151 Eu + 40ca 

E* , M3B Ce'leHHe, MK6 

3n 4n p2n p3n p4n 

43 0,8 12 2 
46 2,3 0,1 50 6 
48 2,6 0,2 125 17 
51 2,0 0,5 130 40 5 
59 0,3 0,9 35 60 10 
63 0,4 0,4 45 70 47 
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u 
4
°Ca + 151

Eu. B Ta6JI. l u 2 npuse.o.eubl H3Mepeuuble 3Ha lleuusr a6-

coJIJOTHbiX CCllCHHH. ilorpernHOCTb H3MCpCHHH aOCOJIJOTHbiX CCllCHHH CO­

CTaBJISICT, no HalliHM O~CHKaM, ±40% AJISI H30TOnOB BHCMyTa H ±60% 
AJISI H30TOnOB CBHH~a H onpCACJISICTCSI TOllHOCTbJO H3MCpCHHSI 3Qxf>eKTHB­

HOCTH cenapa~HH KOMnayHA-SIACp, TOJII.U;HHbl H OAHOpoAHOCTH MHlliCHH, 

TOKa H 3HcprHH nyqKa OOM6ap.o.upyJOI.U;HX HOHOB, a TaK.)I(C TOllHOCTbiO 

Ta6JIHllHbiX 3H3llCHHH AJISI a-BHJIOK • 

.l1,JISI aHaJIH3a 3KCnepHMCHTaJibHbiX AaHHbiX HaMH HCnOJib30BaJiaCb MO­

AHcpH~HpoBaHHaSI nporpaMMa ALICE, ocuosauuaSI ua rnnpoK pacnpocT­

paueuuoM CTaTHCTHllCCKOM nO.ZJ.XOAC AJISI paCllCTOB npo~ecca ACB036y.)I(­

ACHHSI o6pa3yJOI.U;HXCSI KOMnayHA-SIACP. ilo.o.po6uo 3Ta nporpaMMa 

paCllCTOB OnHCbiBaJiaCb HaMH pauee/l,2l, H n03TOMY Mbl JIHlllb KpaTKO 

HanOMHHM OCHOBHbiC nOJIO.)I(CHHSI MOACJIH H 3HallCHHSI napa CTpoB, HC­

nOJib3YCMbiX npu paclleTax. lllupHHbl AJISI ucnapeuuSI qacTH (ueiiTpo­

uos, npoTouos 11 a-qacru~) BhlllHCJISIJIHCb no MOACJIH BaifcKoncpa -

3BHHra, ACJIHTCJibHbiC lliHpHHbl - no MOACJIH nepeXOAHOro COCTOSIHHSI 

Bopa - YHJIJiep/
14

-
151

• 3uepruSI CBSI3H lfaCTH~ paccllHTbiBaJiach no 

Maiiepcy u CsSITC~KOMY • .l1,JISI ucCJie.o.yeMhlx H30Tonos Bi ou11 6JIH3KH K 

3HalfCHHSIM, nOJiylfaCMbiM no MaCCOBOH cpopMyJie Jlnpaua - 3CJibAC­

ca1131. Bapbepbi .o.eJieHHSI BbllfHCJISIJIHCb no MOACJIH sparn;aJOrn;eifcSI 3apSI­

.)I(CHHOH KanJIH Ko3ua - 0Jia3HJia -CBSITC~Koro (CPS/ 
141

• .l1,JISI pac­

CMaTpnsaeMbiX HaMH H30TOnOB BHCMyTa H ero 6JIH.)I(aHlliH X COCCACH 

oTuorneuHe seJIHlfHH 6apbepos, BhllfHCJISICMhiX no MOACJIH, YllHTbiBaJOrn;eii 

KOHClfHbiH pa.o.nyc ACHCTBHSI SIACPHhlx cn11
1 161

, " MOACJIH CPS , npn6Jiu­

.)I(CHHO paBHO 0, 94 . .l1,JISI OnHC3HHSI nJIOTHOCTH ypoBHCH HCnOJib30BaJIHCb 

COOTHOlliCHHSI MOACJIH cpepMH-ra3a. 

OcuoBHbiMH napaMeTpaMH MOACJIH SIBJISIJOTCSI seJIHlfHHa apbepa .o.e­

JICHHSI B1 (napaMeTp C), OTHorneuHe acnMnTOTHlfCCKHX 3Half """ nJIOT­

HOCTH yposueii aja 11 seJIHlfHHa KPHTHlfCCKoro yrJiosoro Mo MenTa I . 
V . Kp 

ilOCKOJibKY HCnOJib3YCMbiH HaMH nOAXOA SIBJISICTCSI B 3HalfHTCJibHOH CTe­

neHH cpCHOMCHOJIOrHlfCCKHM, TO Ba.)I(HOC 3HalfCHHC npHoopeTaCT BOnpoc 

OOocHOB3HHOCTH H O.ZJ.H03HalfHOCTH Bb160pa 3THX BCJIHlfHH. 

UeJihJO paclfeTa SIBJISIJIOCb onTHMaJihHoe onHcauHe 3HalfeH i1 celfCHHH 

s MaKCHMyMax cpyuKu,Hii so36y.)I(ACHHSI. B :JTOM CJiylfae 6o11 c e 90% se­

JIHlfHHbl nonepC4HOro CC4CHHSI B M3KCHMYMC cpyHK~HH B036y.)I(.ZJ.CHHSI .ZJ.O­

CTHraCTCSI npu 3HalfeHHSIX L < 25 < L • ilo3TOMY Bbi6op cno co6a onpe-
KP 

ACJJCHHSI I ue HMCCT npHHLJ,HnHaJibHOro 3Ha4CHHSI. Kp 
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,llm1 HeliTpoHOAeq>HU,HTHbiX H30TOllOB BHCMyTa, llOJIY'IaiOll.J,HXCSI B HC­

CJieAyeMbiX peaKU,HSIX, MO)!(HO npeHe6pe4h OOoJI04e4HOH nonpaBKOH, 

paBHOH !1 w1 < 1 M3B. B 3TOM CJiyllae ocTaeTCSI TOJihKO ABa CBOOoAHbiX 

napaMeTpa: MHO)!(HTeJih C npH )!(HAKOKaneJihHOM 6apbepe AeJieHHSI H Be­

JIHliHHa OTHOWeHHSI a; av. J.13BeCTHO, liTO BJIHSIHHe H3MeHeHHSI 3THX na-

paMeTpoB Ha BeJIHliHHY nonepe4HOI"O Cell:eHHSI HCnapHTeJihHbiX peaKU,HH 

KalleCTBeHHO noAo6Ho, H AOBOJihHO TPYAHO pa3AeJIHTh BKJiaA Ka)!(AOro na­

paMeTpa. 

ITpo6JieMa Bb16opa BeJIHliHHbl OTHoweHHSI aj av npH aHaJIH3e npou,ecca 

AeB036y)!(AeHHSI npeAaKTHHHAHbiX COCTaBHbiX S!Aep aHaJIH3HpoBaJiaCh B 

pS~Ae pa6oT (eM., HanpHMep, o63op
1181>, ee 3Ha4eHHSI B pa3JIH4HbiX MO­

AeJISIX KOJie6JIIOTCSI B npeAeJiaX OT 0, 95 AO 1, 1, OAHaKO BO BCeX paooTaX 

OTMellaeTCSI CJia6all 3aBHCHMOCTh aj av OT Maccosoro liHCJia. CJieAyeT OT-

MeTHTh, liTO XOpowee OllHCaHHe AeJIHMOCTH BO BCeX peaKU,HSIX, AJISI 6JIH3-

KHX K JIHHHH P-cra6HJihHOCTH H30Tonos Hg, Pb, Bi, noJiylleHo npH 3Ha­

lleHHSIX nap aMeTpa a; av = 1,01191
, B TOM liHCJie AJISI H30TOllOB 

I94-I98Hg, I99-204
Pb, 

206·208
Po. C ylleTOM 3THX coo6pa)!(eHHH, a TaK)!(e 

OTMelleHHOH CJiaOOH 3aBHCHMOCTH 3TOH BeJIHliHHbl OT HYKJIOHHOI"O COCTa­

Ba S(Apa, OTHOWeHHe napaMeTpoB llJIOTHOCTH ypoBHeH B AeJIHTeJibHOM H 

HCnapHTeJihHbiX KaHaJiaX 6biJIO 3a$HKCHpoBaHO H paBHO a; av = 1 ,0. 

TaKHM o6p a30M, eAHHCTBeHHbiM saphHpyeMhiM npH aHaJIH3e 3KcnepH­

MeHTaJihHbiX AaHHbiX napaMeTpoM IIBJISIJICSI MHO)!(HTeJih C npH )!(HAKO­

KaneJihHOM 6 aphepe AeJieHHSI. 

CpasHeHHe 3KcnepHMeHTaJihHbiX AaHHbiX c pe3yJihTaTaMH pac1.1eToB 

llOKa3aHO Ha pHC. 3 H 4. flo OCH a6CU,HCC OTJIO)!(eHbl liHCJia HeHTpOHOB 

B KOHeliHbiX S!Apax-npOAYKTax. CnJIOWHhiMH KPY)!(KaMH noKa3aHbl 3KC­

nepHMeHTaJih Hble 3HalleHHSI CelleHHH B MaKCHMyMaX BbiXOAOB AJISI peaK­

U,HH 
40 Ar + 159

Tb/
3
/; KBaApaTaMH H TpeyroJibHHKaMH - 3HalleHHSI Ce-

v • 4oc 1s3E 4oc 1s1E lleHHH AJISI p eaKU,HH a + U H a + U COOTBeTCTBeHHO. 

JlHHHSIMH H3o6ga)!(eHbl <fe3yJihTaTbl paclleToB. PaclleTbl noKa3aJIH, liTO 

AJISI peaKU,HH 
4 Ar + 15 

Tb xopowee corJiacHe c 3KcnepHMeHTaJihHbiMH 

}l,aHHbiMH noJiyllaeTCSI npH 3HalleHHH napaMeTpa C = 0, 7 5, AJISI peaKU,HH 
4
°Ca + 153Eu npH C = 0,68 H A~SI peaKU,HH

4
°Ca + 151 Eu C npH 

C = 0,63. ,llp yrnMH CJIOBaMH, AJISI TOro liTOObl COrJiaCOB3Th pe3yJihTaTbl 

paClleTOB C 3 KCnepHMCHTaJibHbiMH AaHHbiMH, HaM HeOOXOAHMO Cyll.l,eCT­

BeHHO yBeJIHl iHBaTh AeJIHTeJihHble WHpHHbl pacnaAa o6pa30BaBWHXCSI CO­

CTaBHbiX SIAep BHCMyTa nO cpaBHeHHIO C pe3yJihTaTaMH, llOJiylleHHbiMH 

npH HCnOJih30 BaHHH OOll.J,enpHHSITbiX 3HalleHHH napaMeTpoB KaneJihHOH 

MOAeJIH. flpH 3TOM npHXOAHTCSI 3aMeTHO yMeHhWaTh 3HalleHHe MaCW­

Ta6Horo MHO)!(HTeJISI C npH nepexoAe Ko Bee 6oJiee HeHTpOHOAe<t>Hu,HT-
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PHC.4 

110 

HhiM COCTaBHhiM 51_1:\paM. ECTCCTBCHHO, lfTO ]:\e.Tia51 TaKOH BbiBO):\ , Mhl _1:\0JJ­

)I(Hbl 6h1Th ysepenhl, lfTO npaBHJJhHO YlfHThiBaeM .L\pyrne KaHaJJhl, KOH­

KypupyiOI.QHe C BhiJJCTOM HeihpOHOB, T.e. KaHaJJbl C BbiJJCTOM 3ap51)1(CH­

HbiX lfaCTHIJ:. 0 TOM, lfTO Mhl He _1:\onycKaeM 3.L\CCh OOJJhmHx 

norpelliHOCTCH, CBH):\CTeJihCTBYCT TOT Q>aKT, lfTO npH TCX )I(C 3HalfCHH51X 

napaMeTpa C noJJylfeno snoJJne Y.L\OBJJeTBopHTeJihnoe corJJacu e c 3Kcne­

pHMenTaJJbHhiMH _1:\aHHbiMH ):\JJ51 (p, Xn) -KaHaJJOB peaKU:HH, H3y lfaBWHXC51 

B _1:\annou pa60Te (eM. puc.4). 

Jl.ucKyccH51 

TIOJJYlfCHHhiC pC3Y,JJbTaThl MO)I(HO CODOCTaBHTb C pe3yJJbTaTa MH HaWHX 

npe_l:\hi.L\YII.J:HX paOOTll •
3
/, B KOTOphiX H3YlfaJJHCb CClfCHH51 o6pa30BaHH5l 

neuTpoHO.L\C~HU:HTHhiX H30Tonos At-Bi B peaKU:H51X noJJnoro CJJH51HH51 c 

uonaMH 
24

•
2 Mg, 40Ar u 

4
°Ca. TaKoe conocTasJJenue noKa3ano na p11c.S, 

r]:\C npHBC):\CHbl 3HatfCHH51 K03QJ<fmU:HCHTOB C, _1:\aiOI.QHX HaHJJylflliCC CO­

rJJaCHC paClfCTHbiX H 3KCDCpHMCHTaJJbHbiX Be.TIHlfHH CClfCHHH ):\JJ51 (xn)­

H (p, xn)-KaHaJJOB B 3aBHCHMOCTH OT lfHCJJa HCHTpoHOB B KO ClfHOM 51_1:\­

pe-npo}:\yKTC. PHCYHOK COBepmeHHO lfCTKO _1:\CMOHCTpHpyeT M OHOTOHHOC 

yMenhmenue napaMeTpa C npu y6hlsanuu lfHCJJa neiiTpono • BMecTe c 
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PHC. 5 

TeM cneAyeT ITOA4epKHYTb, 4TO npoBeAeHHa~ qepe3 T04KH np~Ma~ ~B­

JI~eTC.si B Onp eAeJieHHOM CMhlcne ycnOBHOH. 06 3TOM, B 4aCTHOCTH, CBH­

AeTeJibCTBYIOT ropnaoHTaJibHhle P~Ahl T04eK AJI~ Ka.>I<.AOH peaKU.HH. Opn­

BeAeHHhiH p HCYHOK OTpa)KaeT npe)I(Ae BCero TOT Q>aKT, 4TO no Mepe 

yBeJIH4eHH~ HeHTpoHHOI'O AeQ>HIJ.HTa HapaCTaeT paCXO.>I<.AeHHe Me)KAY 

3Ha4eHH~~H Ce4eHHH, paCC4HTb1BaeMbiMH B npeAOOJIO)KeHHH llOCTO~HCT­

Ba Ko:;xt><tmu.n eHTa C H H3Mep~eMhiMH B 3KcnepnMeHTe. ,ll,n~ Han6onee 

HeHTpOHOAe¢KIJ.HTHbiX H30TonoB Bi-Pb, npn ncnoJih30BaHHH B pac4eTax 

K03Q>Q>HU.HeHTa C = 0,9, ~BJI~IO~eroc~ OllTHMaJibHbiM AJI~ peaKIJ.HH 
40Ar + 165

H o H 
24

Mg + 181
Ta, paCXO)I(AeHHe npeBhiiiiaeT ABa nopMKa 

BeJIH4HHbl. C neAyeT TaK)Ke OTMeTHTh, 4TO peayJihTaTw noJiy4eHw npH 

HCnOJib30BaHlm B Ka4eCTBe OOM6apAHPYIO~ero HOHa 6JIH3KHX 4aCTHU. 
40Ar - 4

°Ca, a TaK)Ke TOT Q>aKT, 4TO TeHAeHU.H~ yMeHbiiieHH~ 3Ha4eHHH 

K03Q>Q>HU.HeHTa C C pocTOM HeHTpOHHOI'O AeQ>HU.HTa Ha6JIIOAaeTC~ KaK 

npn HH3KHX (40-50 M3B), TaK H npn BbiCOKHx (100-120 M3B) 3Hep­

rn~x B036y.>I<.AeHH~ KOMnayHA-Mep. 

Ha6JIIOAaeMoe pa3JIH4He Me.>I<.Ay 3Ha4eHH~MH 6aphepoB AeJieHH~, H3-

BJieKaeMhiX 113 aHaJIH3a Q>yHKIJ.HH B036y.>I<.AeHH~ HCnapHTeJibHbiX peaK­

ll,HH , H peayJihTaTaMH TeopeTH4ecKHX paC4eTOB
14•161 

AaJieKO BbiXOAHT 3a 

paMKH pa36poca peayJibTaTOB, CB~3aHHbiX C pa3JIH4H~MH B HCllOJib3Ye­

MbiX BapHaHTaX KaneJibHOH MOAeJIH H, ITO-BHAHMOMy, yKa3hiBaeT Ha pe­

aJibHOe yMeHbilleHHe )KifAKOKaneJibHOI'O 6apbepa. 
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Tpa;:vm,HOHHbiM so3pa)l(eHMeM npoTHB TaKoro npe.D,nOJIO)I(eHM51 51BJI51-

eTC51 BOnpOC 0 KOppeKTHOCTH y4eTa B paC4eTaX BKJI3,LJ,OB B nOJIHOe Ce-

4eHHe peaKU,HH K3H3JIOB C HCnapeHHeM 33p51)1(eHHbiX 43CTHU,. TipH 00-
Cy)I(,LJ,eHHH pe3yJibT3TOB Mbl y)l(e OTMe4aJIH, 4TO Ha6JIIO,LJ,3eTC51 XOpowee 

corJiacMe pac4eTa " 3KcnepMMCHTa KaK .D,JI51 (xn)-KaHaJios peaKI.(HH, TaK 
H }l,JISI (p, Xn)-K3H3JIOB npH O,LI,HOM H TOM )l(e 3H34eHHH K03¢¢HU,HeHT3 

C (eM. T3K)I(e111). MaJihle 3Ha4eHHSI a-BHJIOK ,LJ,JISI cooTseTCTBYIOlll,HX 

npo.D,yKTOB peaKU,HH HC fl03BOJISIIOT HaM C,LJ,eJI3Tb T3KOe )l(e CpaBHeHHe 

AJISI (a, xn)-KaHaJIOB B A3HHOH o6JiaCTH SI.D,ep. O,LJ,HaKo np11 MCCJie,LJ,osaHHH 

ce4eHHH o6pa3osaHH51 CHJibHO Hei1TpoHOAe¢Hu,HTHbiX H30Tonos Ac-Fr s 

peaKU,HH 
20

Ne + Au1171 
6hiJIO noJiy4eHo xopowee corJiacMe c pac4eTOM 

npH O,LJ,HH3KOBOM 3H34eHHH napaMeTpa C }l,JI51 BCeX K3HaJIOB peaKU,HH, 

BKJII043SI (a, xn)-KaHaJI. 3To ,LJ,aeT OCHOB3HH51 C4HT3Tb, 4TO H s o6JlaCTH 

H30Tonos At-Pb y4eT BKJia,LJ,a (a, xn)-KaHaJia c,LJ,eJiaH ,LJ,OCTaT04HO Kop­

peKTHO, T.K. p33JlH4He HCflOJlb3YCMbiX B paC4eTaX H 3KCnepHMeHTaJib-
/20/ u u u 

HblX 3H3tJCHHH 3HeprHH CBSI3H HeHTpOHOB, npoTOHOB H a-43CTHU, B 

,LJ,aHHOH o6JiaCTH 51.D,ep He npeshlwaeT 0,5 M3B. 

Mb! C04JIH Heo6xo,LJ,HMbiM nposecTH ,LJ,aHHoe o6cy)I(,LJ,eHHe, •no6hl o6pa­

THTb BHHM3HHC Ha TO, 4TO npH ¢HKCHpOB3HHOM Ha6ope napaMeTpoB paC-

4eT He MO)I(eT OnHC3Tb Ha6JIIO}l,310lll,eecSI B 3KCnepHMeHTe 6blc;Tpoe na­

,LJ,eHHe Ce4eHHH B HCnapHTeJibHOM K3HaJie peaKU,HH. 

Mbi He C4HTaeM, 4TO npMse,LJ,eHHbiX apryMeHTOB ,LJ,OCTaTO'IHO .D,JI51 OA­

H03Ha4HOro yTsep)I(,LJ,CHH51 o 6oJlee 6hlcTpoM, 4eM 3TO npe.D,cKa3biBaeT Te­

opM51, yMeHhWeHHH 6apbepos ,LJ,eJieHMSI s o6JiaCTH Hei1TpoHoAe¢Mu,HTHbiX 

H30TOnOB At-Pb. 0,LJ,H3KO, no HaWeMy MHeHHIO, T3KOH B3p113HT HHTep­

npeTaU,HH pe3yJlbT3TOB He MO)I(eT 6b1Tb HCKJII04eH H3 paCCMOTpeHHSI. 

AsTopbi 6Jiaro.D,apHbi npo¢eccopy IO.U.OraHeC51HY 3a nOM CP)I(KY pa-
6oTbi. 
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AliCOJIIOTHAX KAJIHEPOBKA KAMEP ,IJ;EJIEHHX KHT-8 

B.M.,li;bSI'IeHKO, B.M.Ha3apos, A.<I>.MapTbiHOB, K.,IJ;. ToncTos, 
T.A.IO~nHa* 

npe/ICTaBJJeHbl pe3yJJbTaTbl 113MepeHHSI OTHOCHTeJJbHOH 3<jJ<jJeKTHDHOCTH 

KaMep AeJJeHHll KHT -8 c HcnOJJb30BaHHeM peaKTopa EP-1 HHCTO'IHHKa 252cf, 
a TaK}({e AaHHble a6COJIIOTHOH KaJJH6pOBKH Ha Hei1Tp0HHOM '¥'IKe peaKTOpa 
MliP-2. nony'leHo, 'ITO np11 nJJOLI.\aAH pa1111aTopa KaMep 2 CM 3<jJ<jJeKTHBHall 

IIJISI pernCTpai..(HH HefiTpOHOB MaCCa 238u COCTaBJJlleT ( 1,5 ± 0,2) Mr. 
Pa6on BbmOJJHeHa B Jla6opaTopHH BbiCOKHX 3Heprni1 OIUIM. 

Absolute Calibration of the KNT-8 Fission Chambers 

V.M.D'yachenko et al. 

The results of the measurement of the relative efficiency of the KNT -8 fission 

chambers with the use of the BR-1 reactor and the 252cf source as well as the 
data of absolute calibration on the neutron beam of the" IBR-2 reactor are 

presented. At the radiator square being 2 cm2, the effective mass of atural 
uranium in the fission chambers for the neutron detection has been found to be 
(1 .5 ± 0 .2) mg. 

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

Bse~eHne 

MMnyJihCHhle KaMepbl ~eneHH.SI, pa~naTopbi KOTOpblx co~ep)l(aT ~eJI.SI­

~HecSI H30TOnhl <232Th, 235U, 237N p, 238U, 239Pu n ~p.), xapaKTepn3y­

IOTC.SI IIIHpoKHM (~O 1014 HeHTp./ (CM2 · C)) ~Hana30HOM H3MepeHH.SI 
llJIOTHOCTeH llOTOKOB HeHTpoHOB npH BHyTpHpeaKTOpHbiX H ~pyrux HCC­
Jie~OBaHH.SIX. IfcnOJib3YIOTC.SI OHH ~JI.SI aOCOJIIOTHbiX H OTHOCHTeJibHbiX H3-
MepeHHH HeHTpoHHbiX llOJieH, ~JI.SI H3MepeHHSI Ce'leHHH ~eJieHH.SI Mep, 
~JI.SI H3y'leHH.SI CBOHCTB OCKOJIKOB ~eJieHH.SI H ~JI.SI pemeHH.SI ~pyrux 3a~a'l. 

O~HHMH H3 ~OCTOHHCTB KaMep KHT -8 .SIBJI.SIIOTC.SI Hx MaJihle pa3Mepb1 
(~HaMeTp 7 MM, ~JIHHa 7 MM), 'ITO ll03BOJI.SieT npoBO~HTb H3MepeHH.SI 
llJIOTHOCTeH llOTOKOB HeHTpoHOB C He3Ha'IHTeJibHhiM HX B03My~eHHeM 

(He OOJiee 0,3% ~JI.SI TellJIOBhiX HeHTpoHos/11, a TaK)I(e TOT <PaKT, 'ITO 

*<J>H3HK0-3HepreTH'leCKHH HHCTHT)'T, 06HHHCK 
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HX pa~HaTOpbi, npe~CTaBJISIIO~HC npHpO~HYIO CMCCb H30TOOOB ypaHa, 

npe~H33Ha1.lCHhl TaK)f(C ~JISI OI.J;CHKH BKJia~a B H3MCpSICMbiC CllCKTpbl TCO­

JIOBhlX H 6hlcTpbiX HeihpoHOB. TexHOJIOm'leCKHH pa36poc B TOJIIIJ;HHe pa­

AHaTopa H lJ.p yme npH1.lHHhl npHBOlJ.SIT K pa36pocy qyscTBHTCJihHOCTH Ka­

Mep, n03TOM Y ~JISI p51~a 33~34 HC06XO~HMa HX a6COJIIOTHaSI K3JIH6pOBK3 . 

MeTo~Hxa 3KcnepHMCHTa 

}J,JI51 pem CTpai.J;HH HMnyJihCOB OT OCKOJIKOB ~CJICHHSI, B03HHKaiOI.I.I,HX 

no~ ~eifcTBHeM HCHTpoHoB B KaMepax KHT -8, HCnOJibJyeTCSI 56-KaHMb­

HhiH 6JIOK 3ap51~0B0-1.lYBCTBHTCJibHbiX yCHJIHTCJICH 3LJY, C K03<f>qmn;HeH-

TOM nepe~a'IH 5 ·1012 B/KJI. )J,JIHTCJihHOCTb 3JICKTpOHHOro HMnyJihca Ha 

BbiXO~e 3LJY 1 MKC, BpCM51 HapacTaHH51 0,1 MKC. C 3LJY CHrHaJibl qepe3 

<f>opMHpoB3TCJIH HMnyJihCOB nOCTynaiOT Ha C'ICTBCpCHHbiC ~BOH'IHbiC 

C'ICT1.lHKH, C'IHThlBaHHC HH¢IOpM3I.J;HH C KOTOpb!X OCYIIJ;CCTBJISICTCSI B 3BM. 
CorJiacHo nacnopTHhlM ~aHHhlM, TOJIIIJ;HHa aKTHBHoro CJIOSI pa~HaTopa 

5 Mr/cM
2

, M acca -10 Mr. CJie~oBaTCJihHO, cyMMapHaSI a-aKTHBHOCTb, 

o6yCJioBJICHH a51 ocaoBHhlMH KOMnoaeHTaMH pa~HaTopos KHT -8 - H30-

TonaMH 
234u, 235U 238U, cocTaBJISieT -250 pacn./c. 

Ilpo6er a - 1.laCTHI.J;, HCnycKaCMhlX CCTCCTBCHHbJM ypaHOM, B MaTepHaJIC 

pa~H3TOpa p aBCH - 18 Mr/cM
2 121 , U03TOMY npaKTH'ICCKH BCC OHM no­

na~aiOT B '~YBCTBHTCJihHhlH o6beM KaMep. TpexKpaTHoe HaJIO)f(CHHe HM­

nyJihCOB OT a-'laCTHI.J; MO)f(CT C03~aTh HMnyJihC, cpaBHHMbiH no 3MOJIH­

Ty~c C HMny JihCOM OT OCKOJIKa ~CJICHHSI, O~H3KO 'IHCJIO TaKHX H3JI0)f(CHHH 

npeHe6pe)KH MO MaJio k cocTaBJI51CT 8 · 10-
6 

HMn. I c. 

}J,JI51 Bbi6o pa OnTHMaJibHbiX pC)f(HMOB pa60Tbl CHHMaJIHCb C'ICTHbiC xa-

2.S h y 1,0 1,5 4J 25 ~ ~f,. M3B 

omcl.lem 
{omH. e~J t25 

LO 

0.75 

0.5 

U25 
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2 

0.2 0.4 06 08 U,s 

paKTCpHCTHKH KaMep, KOTOpb!C 

B ~Hana3oHe 100 + 800 B Bbi­

xo~SIT Ha OJiaTo. B Ka'leCTBC 

pa604Cf'O H30p51)f(CHHSI Bb16paHO 

500 B. 
Ha p11c. 1 npHBe~eH aMnJIH­

TY~HbiH COCKTp CHrHaJIOB Ha 

BbiXO~e 3LIY. TaM )f(C noKa3a-

P11c. I. AMnJIHTYJIHbiH cneKTP c11manon 

Ha BbiXO,lle 3apSI,110B0-4yDCTBHTenbHOI'O 

ycHnHTenSI: I - o6naCTb rnyMon 3"1Y 
11 co6cTneHHoro a-<j>oHa KaMep KHT-8; 
2 - o6naCTb CHrHanOB OT OCKOnKOB )le­

neHHSI 



Hbl paclleTHhie 3Ha4eHIUI £1 - ::meprosbl~eJieHI1SI s pa6o4eM o6beMe Ka­

Mep OT OCKOJIKOB ~eJieH11SI. C U.eJibiO 11CKJII04eHI1SI perHCTpaiJ.I111 liiYMOB 

yci1JII1TeJieli 11 co6cTBeHHoro a-<txma KaMep KHT -8 nopor ~11CKp11MI1Ha­
IJ.I111 ¢opM11poBaTeJieli BbiCTasJieH Ha yposHe 50 MB. KaK s11~ o 113 p11c.l, 

cpe~HSISI ::meprHSI, TepSieMaSI OCKOJIKaMH s o6beMe KaMep, pas a 10 M3B, 

liTO COCTaBJISieT 5-10% (B 3aBHCI1MOCTH OT MaCCbl) OT cpe~HeH KHHe-
238 ' 

THlJeCKOH 3Hepr11H OCKOJIKOB ~eJieHHSI U. JTOT pe3yJibTaT COBna~aeT 

C ~aHHbiMH HOHI13aiJ.HOHHbiX OOTepb ~JISI JierKHX OCKOJIKOB ,ll.eJieHHSI, KO­

TOpble s aproHe np11 ~asJieHI1H 3 aT paBHbl 5,8 M3B/MM
131 . 

.LlJISI nposepKH H~eHTHl.JHOCTH paOOTbl 34Y H KaMep ~eJieHHSI nepBO­

HallaJibHaSI KaJI116posKa ocyrnecTBJISIJiach Ha peaKTope EP-1 (<1>311) npn 

HyJieBOH MOI.J..J.HOCTI1 (P = 0,03 BT), a TaK)J(e C HCOOJib30BaHHeM HeHT­

poHHOro 11CT04HHKa 
252

Cf, pacnOJIO)J(eHHOro B napa<f>HHOBOM ' 6JIOKe 

(pnc.2). AKTHBHOCTb HCT04HI1Ka (3,89 ± 0,31) · 107 
HeliTp. / c. B xo~e 

H3MepeHHH ocyi.QeCTBJISIJIOCb spai.J..J.eHI1e U.eHTpaJibHOH U.HJIHH~pHl.JeCKOH 

llaCTH 6JIOKa Ha 360° 4epe3 45° ~JISI ycTpaHeHI1SI aCI1MMeTp HH OOTOKa 

3aMe~JISIIOI.J..J.HXCSI HeHTpoHOB, CBSI3aHHOH C B03MO)J(HOH HeO~H po~HOCTbiO 

napa<f>HHOBOro IJ.HJIHH~pa , a TaK)J(e nposepSIJIOCb BJIHSIHHe B3 HMHOH ne­

peCTaHOBKH KaMep s pa3JIHl.JHble KaHaJibl napa¢nHosoro 6JioKa. Bo scex 

H3MepeHHSIX nposepSIJIOCb BJIHSIHHe KaHaJIOB YCI1JieHHSI Ha OOKa3aHHSI Ka-. . 
Mep ~eJieHHSI. 

DoJiylleHHble npH 3TOM ~aHHwe noKa3aJII1 Ha~e)J(HOCTb pa6oTbl H3Me­

p11TeJihHbiX TpaKTOB ~eJieHI1SI 11 Ha OCHOBaHHH 3THX H3Mep eHHH 6biJIH 

OT06paHbl KaMepbl ~JISI OKOHllaTeJibHOH KaJIH6poBKH . Ha peaKTOpe J1oP-2. 

4aCTb KaMep OO~BeprHyTa XHMHl.JeCKOMY aHaJIH3Y KaJIOpHMeTpH4eCKHM 

MeTO~OM/4/ Ha KOJIHlleCTBeHHOe CO~ep)J(aHHe eCTeCTBeHHOro ypaHa. 

B ~aJihHelirneM a6coJIIOTHaSI KaJIH6posKa KaMep ocyrnecTBJISIJiach Ha 

HeHTpoHHOM nylJKe KaHana II B 003HIJ.HH n2 peaKTOpa J1EP-2, pacno­

JIO)J(eHHOH B 720 CM OT aKTHBHOH 

30Hbl. 

DJIOTHOCTb noTOKa HeHTpoHOB 

B e~HHHIJ.aX lO 7 
HeHTp./ (CM

2 
·C) 

COCTaBJISieT: TeOJIOBble - (19±2), 

pe30HaHCHble - (I ,3±0, 15), 6bi­

CTpble - 49. CneKTP TenJIOBbiX 

HeHTpoHOB HMeeT ::><l>¢eKTI1BHYIO 

PHc. 2. napacj>HHOBblH 6noK IVIll KanH6-

pOUKH KaMcp ,lleneHHII KHT-8: I - ·~eHT­

panhHa!l spaw,aiOula!ICII 43CTb 6noKa, 2 -
KaHan ,lln!l pa3MCIIICHH!I HCT0411HKa, 3 -
IICHTpOIIHblH HCT041UIK 252Cf, 4 - 50 Ka­

llaJIOR ;IJIW pa3MCILICHH!I K3MCp ,!ICnCIIH!I 
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0 

;:vmny BOJIHhl I ,8 A (0,0253 38), a cneKTP pe3onancnhlx nei~Tponos H3-

MCHRCTCR Ka K I I IfJ·98 151. 
· llJIR H3MCpCHH51 HHTCHCHBHOCTH HCHTpOHHOro nOTOKa HCnOJib30BaJiaCh 

peaKU,H51 pa~HaU,HOHHOro 3aXBaTa B <f>oJihrax H3 CCTCCTBCHHOfO ypana C 

o6pa30BaHHCM 
239

Pu. 

llwaMeTp ypaHOBhiX <f>oJihr -8 MM, TOJII.U;HHa - (1 ,86±0, 1) r/ cM
2

. Bhi-

6op MaTCpHaJia <f>oJibr Onpe~CJISICTCSI U,CJICC006pa3HOCTbiO HCnOJib30BaHHSI 

O~HOro H TOro )I(C MaTCpHaJia KaK B KaMepax ~CJICHHSI, TaK H B <f>OJibrax, 

a TaK)I(e HaJIH4HCM OOJibmoro KOJIH4CCTBa H3BCCTHhiX c xopomeif T04HO­

CThJO 3KcnCp HMCHTaJibHbiX ~aHHbiX nO (n, /)- H (n, y)-peaKU,HSIM Ha ypa­

HC s mwpoKOM ~Hana3one 3Heprnw neifTponos. 

3KCnOHHpoBaHHC KaMCp H aKTHBaU,HOHHbiX <f>oJibr npOBO~HJIOCb Ha 

HeHTpoHHOM KaHaJIC B TC4CHHC 3 4aCOB (<f>aKTOp HaChii.U;CHHSI -0, 995) C 

wcnOJih30BaHHCM MeTo~a Ka~MHCBOH pa3HOCTH, 4TO no3BOJIHJIO y4eCTh 

BKJia~ TenJIOBhiX neifTponos s o6r.u;HH noTOK. ToJir.u;wna Ka~Mwesoro 
cPHJibTpa 0,5 MM. 

llJIR YMCHbillCHHSI BKJia~a B H3MCpSICMhiH raMMa-CnCKTp KOpOTKO)I(H­

BYI.U;HX OCKOJI KOB ~CJICHHR ypana nase~ennaSI aKTHBHOCTh <t>oJibr H3Me­

pRJiaCb na noJiynposo~HHKOBOM Ge(Li)-~eTeKTope c pa6o4HM otTheMOM 

50 CMJ cnyCT SI 5 4aCOB flOCJIC OKOH4aHHSI o6Jiy4CHHSI, 4TO, B 4aCTHOCTH, 

o6ecne4wsaJio 99,9% pacna~ 239u. 
3nepreTH4 CCKOC pa3pCillCHHC ~CTCKTOpa - 2,5 K3B AJISI JIHHHH 3Ta­

JIOHHOro raMMa-HCT04HHKa 
6
°Co. 

Pe3y~hTaThl 3KcnepwMenTa 

Pe3yJihTaThl KaJIH6posKw c wcnoJib3osanweM 
252

Cf nei~Tponnhlx ny4-

KOB peaKTop os EP-1 H l1EP-2 npeAcTaBJICHhl na pwc. 3, H3 KOToporo 

BHAHO, 4TO 4 YBCTBHTeJibHOCTH KaMep H3 pa3JIHliHbiX napTHH OTJIHllaJOTCSI 

ne 6oJiee liCM na 10%. HeKOTOphiMH npHllwnaMH TaKoro OTKJIOHCHHSI 

51BJI5110TC51 CJIC~yJOI.U;HC: pa3JIHliHC B ~aBJICHHH, KOJIHliCCTBC H liHCTOTe ra-

308 (Ar w N e), nanoJIHRJOr.u;wx pa6o4HH otTheM KaM7P, w nepasnoMep­

HOCTh nanece nwR ypanosoro noKphiTHSI paAHaTopos
11 • 

KaK sw~no H3 pHc. 1, 3Q><t>eKTHBHOCTh perncTpau,ww OCKOJIKOB ~eJieHHR 

CJiaOO 3aBHCHT OT nopora ~HCKpHMHHaU,HH, a CJieAOBaTCJibHO, H OT HC-

3Ha4HTeJibHb1X KOJie6anwif K03Q><t>Hu,HeHTOB nepeAa4H 3lJY. TaK KaK 

cneKTp OCKOJIKOB ~CJICHHSI, nonaAaJOI.U;HX B paOOliHH otTheM KaMepbl, HC­

npephiBHhiH, HHTerpaJihHaR CliCTHaSI xapaKTepwcTHKa KaMep KHT -8 ne 

HMCCT nJiaTo . Ee naKJIOH cocTaBJIRCT 0,1% na l MB. 

J13 TOro ¢ aKTa, liTO cpe~HHH nOJIHbiH npo6er OCKOJIKOB ~CJICHH51 B 

ypaHC paBCH -2 Mr/CM/J/, CJICAYCT, liTO 3Q><t>eKTHBHO pernCTpwpyJOI.U;HM 
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5-fO~ 

o~--~----~----~----~----~----,_ 
0 20 ~ 40 so 60 

HoMepa KaMep KHT-8 

PHc. 3. Pe3ynbTaTbJ KanH6pooKH KaMep "eneHH!I KHT-8: I -
OOK333HH!I 3lfY npH HMHTBJ..IHH HeihpOHHOH BCOblWKH, 2 - no­
K333HH!I KHT-8 Ha peaKTope HliP-2, 3 - KanH6pooKa c Hc­
nonb30BaHHeM 252Cf, 4- KanH6pOBK8 K3Mep H3 peaKTOpe liP- J 

SIBJISieTCSI JIHillh nosepxHOCTHhiH CJIOH. Ha 3TO yKa3hlsaeT H aHaJIH3 ~au­

Hhlx KaJIOpHMeTpHl.JeCKHX HCCJie~OBaHHH, CBH~eTeJibCTBYIO~ H 0 CJiaOOH 

KOppeJISIIJ;HH (<5 = 0,48) Me~y TOJI~HHOH pa~HaTOpa (CM. Ta 6JI.) H t.JyB­

CTBHTeJihHOCTbiO KaMe:R (pHC.3, KpHBaSI 4). 

Tio BbiXO~y SI~ep 2 9
Np 3Hat.JeHHe nJIOTHOCTH ITOTOKa TeiTJIOBbiX HeH-

TpoHOB COCTaBHJIO (18,6 ± 0,1)·10
7 

HeHTp./(cM
2
·c), l.JTO HaXO~HTCSI B 

XOpollleM COrJiaCJ.IH C xapaKTepHCTHKaMH HeHTpoHHOro nyt.JKa , npHBe~eH­

HbiMH Bhlllle, npHlleM Ka~MHesoe OTHomeuue ~JISJ KHT - 8 cocTaBHJIO 

(5,2 ± 0,2), a ITO aKTHBaiJ;HOHHbiM H3MepeHHSIM 2, 71 ± 0, 3 . 

Cpe~uee 3Halleuue t.JYBCTBHTeJihHOCTH KaMep KHT -8 K TeiTJIOBhiM 

HeHTpoHaM onpe~eJieHO ( 1 '6 ± ~3 2) • 1 o-5 
HMIT. I (Hen:_~- I CM

2
) ' l.JTO COOT-

BeTCTByeT 3<jxpeKTHBHoii Macce 
5U (1, I ± 0, 1) · 10 Mr. 

HoMep KaMepbi 

7 
36 
41 
45 
47 
54 

Ta6nHJ..~a 

A6comoTHOe co"ep>KaHHe 
ypaHa o KaMepe, Mr 

15,36 ± 0,36 
8,45 ± 0,17 

11,40 ± 0,23 
7,36 ± 0,15 

11,44 ± 0,23 
3,25 ± 0,06 

IlpHMelJ3HHe: HOMepa K3Mep COOTBeTCTBYIOT K3MepaM, YK333HHblM H3 pHC.3 . 
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Y'IHThiBa51 COOTHOIDCHHC 235U H 238U B CCTeCTBCHHOM ypaHe, DO­
Jiy'laCM ~JIR 3<1><t>eKTHBHon Macchi 238U KaMep KHT -8 3Ha4eHue 
(1,5 ± 0,2) Mr. 3TO COOTBCTCTBYCT paC4eTHOH 4YBCTBHTeJibHOCTH K HCH-

TpOHaM ~CJICHH51 1/ = (2,1 ± 0,2)·10-6 HMn./(HCHTp./cM2
). 

l13MepeHH51 c HCDOJib30BaHHCM peaKTopa EP-1 11 HCT04HHKa 252Cf ~a­
JOT aHanorH'IHhle pe3yJihTaThl, o~HaKo c MCHhweu T04HOCTbJO. CTaTH­
CTH'ICCKaR TO'IHOCTb pe3yJibTaTOB KaJIH6poBKH COCTaBJI51CT 1~. 

B 3aKJIJO'ICHHe aBTOphl Bhlpa)l(aJOT 6naNmapHocTh 11.J1.MaphHHY 3a 
noMom;h B no~roTOBKe annapaTyphl, C.C.Ilaanoay H A.B.CTpenKosy 3a 
CO~CHCTBHC B npoBe~eHHH H3MepeHHH. 
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Kpanuwe coo6u~euu11 OHJIH Ns!2/53}-92 

Y,II,K 539.12.01 
J I NR Rapid Communications No.2{ 53 }-92 

PHENOMENOLOGY OF VERY HIGH MULTIPLICITY PRO­
DUCTION PROCESSES 
J. Manjavidze•, A. Sissakian 

A classification is proposed for possible asymptotic production cross 
sect.ions an with respect to n which is independent of concrete models of 
strong interactions and a physical meaning of the classification is explained 
on t.hc basis of the statistical physics pictme. · 

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

<f>eiiOMeiiOIIOI'II.!I npo~eCCOD pOiKp;eHH.!I C O'leHb 60IIbWOJ~I 1\f HO)Ke­

CTBell HO CTbiO 

H. MaHp;)KaBIIp;3e, A. CHcaK.HH 

Dpep;ooJKcna Knaccn<jxtKaunR BOOMOJKHbiX acn~>tnTOTH'leCKIIX ce'leHIDVI 
pOJKp;ei!HJI <1n 110 n, He OaBHCJILQaR OT KOHKpeTIIbiX MOp;e!ICll CH!IbHOTO BOaii­
MOIJ;CliCTBIIJI. !-Ia OCIIOBe annapaTa CTaTIICTIPieCKOll <flnmtKH 06'bJICUeH <jJn­
OH'teCKUivl CMbiC11 GTOll K!laCCII<fliiK3UIIII. 

P a6oTa DLinOJI!Iena a Jla6opa-rop1111 TeopeTn'tecKoii ¢nnHKH II .fill. 

1. Let us consider the multiple production of hadrons when their number 
n is very large 

n ~ n(s). (1) 

Here n.(s) is the mean multiplicity defining the natural scale of values n at 
a given energy. Interest in this region (1) stems from the expectation to 
get further information that would refine our knowledge of the quark-gluon 
plasma physics. 

Since there is no quantitative theory, it would be well to d velop a gen­
eral picture of physical phenomena in the region (1) which is independent 
of model notions formed by investigations in the region n ~ n. w(' shall 
construct this phenomenological picture on the basis of the s .at.istical me­
chanics by representing a final state of the process as a (mi rocanonical) 
ensemble. For this purpose we introduce the density matrix p(f], z ), such 
that t.hc production cross section of n pa.rt.ides is 

<1n(s) = 2~i f z~~:l 2~i 5s f ~~{32 11 (f]vfs)p, (2) 

Re fJ>O 

• Tbilisi State University, Georgi;, 
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where h is the Bessel function of an imaginary argument (for a detailed 
derivation of formula (2) see, for instance, ref. [1]). 

At large n integration in (2) can be performed by the saddle point 
method. First , we should find the solutions of the state equat ions 

Vs 
a 

8{3 In p(/3, z), (3) 

a 
z az Inp(f], z). n (4) 

Under this definition of integrals in (2), 1/ {3 means the gas temperature 
of particle production and z means activity (i.e., (1/ /3) In z is the chemical 
potential). 

Now we take advantage of the fact that the asymptotics O"n with respect 
ton (n ~ nmax = Js/m1f) is defined by the leftmost singularity p(/3, z) in 
z (Re z 2: 0) and weakly depends on the nature of the singularity. On the 
basis of the statistical mechanics we assume p(/3, z) to be regular function 
of z inside the circle lzl = 1 (2]. If Zc is the leftmost singularity, then from 
general considerations one would expect one of the following possibilities to 
be realized: 

a) Zc = 1 
b) Zc =<X> (5) 
c) 1 < Zc < =, 

thus providing a classification of possible asymptotics we search for. Now 
let us elucidate what physical conditions the quantity Zc depends on. 

2. First, it is to be noted that the singularity p(/3, z) at finite z is treated 
as an indica.tion of a pha~e transition (2, 3]. For instance, let {3 be such that 
particles are combined into clusters•. Then, the number of clusters of£ 
particles is ....._ exp( -f]O"ed-l/ d) where O"fd-l/ d is the cluster surface energy 
(£d-lfd is the cluster surface area) . Then 

p(/3, z) ...... exp {~ zl exp c-{30"£d-lfd)} (6) 

will be singular at z = 1 (d > 1) . This singularity indicates a first order 
phase transition (condensation) . 

In calculating the relevant O"n we consider the following analog model. 
Let us cover t he volume, into which particles are produced, by the net and 
let the presence of a particle in the node be denoted by ( -1) and the absence 
by ( + 1). 

Now we take advantage of the fact that this inodel of lattice gas is well 
described by the Ising model. Switching on a magnetic field '}{ we can 

• More preci~ely, the decay of clusters produces particles. 
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control the number of down spins, i.e. the number of produced particles. 
This means that activity z = exp( -2{31{) and 1{ acts as a chemical potential. 

Then the density matrix p in the continuous limit is determined by the 
functional integral [4] 

(7) 

where the action 

and 
(9) 

Here 1/f3c is the phase transition temperature. Assume that {3 > f3c, i.e., the 
average spin(~}# 0. To simplify the calculations we assume that f3/f3c ~ 1 
(this ensures small fluctuations in the vicinity of the chosen (JJ.}) . 

Singularity in 1{ arises due to the following reason. At 1{ = 0 the 
potential 

V = -fJJ.2 + UJ1.
4

, f > 0; (10) 

has two miuima at JJ.± = ±..j(t/2a). Switching on 1{ < 0 we destroy the 
degeneracy. The left minimum at J1. = -J(t/2a) appears to be lower than 
the right one. Then, the system in the right minimum (it is described by 
up spins, which means the absence of produced particles) turns out to be 
unstable· a tunneling into a lower (stable) minimum is possible. 

The above instability is associated with the branching point in the com­
plex phtne 1{ at 1{ = 0 and the discontinuity provides [6] 

Im p({3, z) ~ a~~) exp {-a~~)} , (11) 

wh~re a 1 and a 2 are independent of 1{. 
Using (11) we find that the solution (4) has the form 

(12) 

which corresponds to the following asymptotics: 

(13) 

i.e ., we see that the singularity at z = 1 is associated with t he following 
class of asymptotics: Cln > O(e-n) . 
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It is to be noted that Pn(f3) is determined by the contribution of only 
Im p, and metastable states, whose decay is described by Re p, are insignif­
icant. 

The contribution considered above describes the decay of an unstable 
(with respect to particle production) state. This decay produces clusters 
and if the size of a cluster is larger than a critical one, cluster's size infinitely 
increases wit h time. During this motion the cluster walls" accelerate", i.e., 
the larger the number of particles forming a cluster, the smaller energy is 
needed to add one particle into a cluster [5, 6]. Just this phenomenon is 
observed in the decrease of z with increasing n, see (12). 

3. Let us continue the discussion of (7) at {3 < f3c. In this case the 
potential (1 0) has the only minimum at z = 0. By switching on the external 
field there arises a mean held ji = ji(1i) that in the first approximation can 
be found from 

2IEIJ.l + 4aJ.t
3 = .X. (14) 

At large 1{, which corresponds to asymptotics inn, eq.(14) has the solution 

ji ~ (.X/4a)l/3. (15) 

Estimation of the integral (7) in the vicinity of this minimum provides 

p({3, z) ~ exp { 1(ln z) 413
}; 1 = 1({3) > 0. (16) 

We see that in the case under consideration the singularity is at z = Zc = oo. 
Equation ( 4) has the solution 

3 

z ~ exp (!~) (17) 

that increases (in contrast with the one considered in sec. 2) with n. With 
(17) one can easily find that 

Pn(f3) ~ exp ( -'Yn4
), 'Y = 'Y(f3) > 0, (18) 

i.e., decreases faster than e-n. 
4. We should like to emphasize that the above considered analog model 

does not account for the nature of the singularity p({3, z) at finite z. There­
fore, we should clarify our arguments. However, it follows from general con­
siderations that the singularity p({3, z) at finite z testifies to a phenomenon 
similar to the phase transition . This means that the particle production 
should be considered as a result of the decay of "clusters" . This process 
can be described by refining formula (6) as follows: let the probability of the 
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i-th "cluster" ( i = 1, 2, ... ) of ma<>s m; to decay into n; particles be Wn, ( m;). 
Then, neglecting the interaction between" clusters" (see also ref. [7]) we have 

p({J, z) = exp {J ~:~ <r(m)e-~mt(z, m)}, 
no 

(19) 

where <r( m) is proportional to the average number of mass m clusters and 

00 

t(z, m) = L z11 w 11 (m), t(1 , m) = 1. (20) 
n=l 

The "Boltzmann" factor e-~rn in (19) arises due to the energy-momentum 
conservation laws. Assuming in (1 9) ( m- ( 1/ .B) In t) to be the total energy 
of a "cluster" and replacing the integral by the sum, we can arrive at a 
formula analogous to (6). The phase transition, described in sec.2, in terms 
of formula (19) corresponds to the integral divergence in the upper limit at 
z = 1. 

As an example, let us consider the case when t(z, m) is singular at z = 
zc, 1 < Zc < oo. For instance, let 

(
z _ 1)v t(z, m) = _c __ 
Zc- Z 

v > 0. (21) 

Taking into account that an average number of particles produced in the 
decay of a "cluster" of mass m 

n(m) = :z lnt(z,m)ll=l (22) 

we can express Zc through n(m). For formula (21) we get that 

v 
Zc(m) = 1 + fi(m). (23) 

It is to be noted that irrespective of the type of singularity only the 
assumption about t(z, m) tending to infinity at z = Zc defines by (22) the 
position of a singularity on the right from unity. Moreover, with increasing 
m the singularity moves to the left. Then, according to the momentum 
energy conservation laws the production of a particle in the decay of one 
"cluster" will dominate in the asymptotics in n. Indeed, the production of 
particles in the decay of two "clusters"~ t 2(z,s/4) and this contribution in 
the z plane are associated with the singularity 

l2) _ . __ v_ (I)_ _v_ 
zc - 1 + _ ( I ) > zc - 1 + _ ( ) . n s 4 n s 
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Assuming that correlations between particles produced in the decay of one 
"cluster" differ from those between particles produced in the decay of various 
"clusters"; the afore-said implies the presence of a "phase transition" which 
is reflected in the change of the nature of correlations with increasing n. 
However, this transition is smooth without sharp changes. Therefore, it is 
better called the "structure phase transition". 

Thus, after a structure phase transition 

p((3, z) :::= J d: O"(m)e-f3mt(z, m). (24) 

Hence, one can easily see that 

O"n(s) ex e-vnfn(•) 
' 

(25) 

i.e ., corresponds to the KNO scaling. 
Using the above mechanism of phase transition, one can easily find the 

range of values of n, where the estimate (25) is valid. The correction to (25) 
due to the production of two clusters is "'exp( -v" /n(s/4)). Hence, if 

n > ..!_ _n.:-'(:-'s )'--n_,_( s-'-/ 4_,:.)-:­
- v n(s)- n(s/4)' 

(26) 

the estimate (25) is valid. Assuming that the difference~ n(s)- n(s/4),...., 1 
the structure phase transition begins at n"' n2 (s) (if tLe production of two 
clusters has no additional smallness). 

Using (21) one can find the ratio of dispersion D t(, n with regard to the 
production. of two cluste.rs 

D2 (s) ,...., l _A n(s/4) 
n2 (s) n(s) ' 

(27) 

where the positive constant A takes into account a relative weight of the 
production of two clusters. We see that the ratic of dispersion to average 
multiplicity must increase with energy. 

5 . Now we shall formulate the main results ·Jf the paper. 
a) Accordi ng to our classification the asymvtotics 

O"n > O(e-n) 

is associated with the phase transition (see dso [8]). 
b) The asym ptotics 

0", = n(r-n) 

(28) 

('!~l) 

of necessity has the form of the KNO s•:aling. A similar asymptotics is 
predicted by the inverse binomial distribu"ion in the QCD jet, in the cascade 
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processes [9] and provides the best agreement with experiment [10]. A 
structure phase transition at n ~ n2(s) is typical of the asymptotics (30), 
which naturally accounts for the observed violation of the KNO scaling and 
increase in (D/n) with energy [11]. 

c) For the asypmtotics 
(30) 

which is typical of the multiperipheral modes, a slight violation (at least at 
modern accelerator energies) of the KNO scaling appears to be a pure chance 
since the scale-invariant structure is the privilege of phase trans itions. 

In conclusion, we should like lo emphasize that the asymptotics (28), 
(29), (30) have roots in various physical phenomena and only the exper­
imental information in the region n ~ n2 (up to n ~ n2 ) may elucidate 
which of them is realized in practice. 
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The slopes of the noninvariant center-of-mass energy spectrum of negative 
pions in inelastic collisions of nuclei d, a, C with C and Ta targets at 4.2 A GeV /c 

are studied. The temperatures of the negative pions are obtained using the 
Boltzmann approximation of the spectra . The two-temperature shape of c.m. 
energy spectra is observed. The values of temperature do not depend significantly 
both on collision «centrality» and on atomic weight of the projectile nuclei. 

The experimental results are compared with the calculations in the framework 
of the quark-gluon string model. The influence of resonances and directly 
produced pions on temperature values is studied. 

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

The temperature and density of nuclear matter are among the main 
parameters of an equation of state determining the phase transition 
mechanism. To obtain the temperature of secondary hadr ns in tht 
experiment, one usually estimates the inclusive spectrum slope. So, in 
pape/ 1 1 the inverse slope of the energy spectrum of nega tive pions 
emitted at 90° in the center-of-mass system <CMS) of e + NaF 
interactions at 2.1 GeV I nucleon was used to estimate the fireball 
temperature in the framework of a simple thermodynamic performance. 
Late/21 for an analogous selection criterium of pions in Ar + KCl at 
1.8 GeV /nucleon an apparent temperature of 58 MeV was determined 
for 95% of the pion total yield and 110 MeV for the rema ning 5%. 

In this paper we present the temperature values of nega tive pions 
obtained for interactions of light d, a and C nuclei with carbon and 
tantalum at an incident momentum of 4.2 GeV /c per nucleon . A detailed 
comparison with the calculations based on the mixture of independent 
hadron collisions (quark-gluon string model, QGSM) has been also 
made. 

II. Experimental Data 

The experimental data have been obtained using a 2-m propane 
bubble chamber placed in a magnetic field of 1.5 T and exposed to 
beams of light relativistic nuclei at the Dubna synchrophasotron. Three 
I mm thick tantalum plates were mounted inside the cha mber. The 
general characteristics of the interactions and s~ecific methods of data 
processing were published earlier in paper/ 1. Practically all the 
secondaries emitted at a 4n total solid angle were detected in the 
chamber. When scanning, all negative particles, except identified 

electrons, were considered as n - mesons. The contami nations by 
misidentified electrons and negative strange particles do not exceed 5% 
and I%, respectively. The average minimum momentum for pion 

Target 

Projectile d 

6684 

Table I. Statistics or inelastic nuclear collisions 

c 
a c d 

41!49 61!06 1475 

Ta 

c 
1149 191!9 
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registration s about 70 MeV lc, and the mean error in measuring the 

:rr- meson momentum is (!!..pip) == 6%. The statistics of the observed 
nuclear interactions is presented in Table I. 

I I I. Te m peratures of Negative Pions 

To estima te the temperature of negative pions, we have used the 
predictions of thermodynamic modei/41. In particular, the energy 
spectrum of negative pions in the CMS of colliding nuclei can be 
presented using the temperature T of a Maxwell - Boltzmann gas: 

d 
2
N * * £* --- = const·p ·E ·exp(- -) , 

dFdQ T 
(I) 

where p* a nd E* are the pion c.m. momentum and total energy, 
respectively. 

Figure I shows the c.m. spectra of negative pions produced in inelastic 
CC and CTa interactions. For equal mass CC interactions the center­
of-mass system is the CMS of nucleon-nucleon collisions. For unequal 
mass (asymmetrical) nuclear interactions we have used the CMS of 
participant proton/51 which is calculated for each interaction. The 
dashed lines represent the approximation of the spectra using Eq. (1). 

In this case the agreement with the experimental data is not satisfactory 

(the value of /I n.d.f. has been changed within the limits from 2. to 

I 
S' ., 
8. 

10 _, 

J 10 -· 

~ z 
"lJ 

]j. 10 -· 
z ........ 

C + To 

' 
0.1 0 .3 0.5 0 .7 0.9 1.1 1.3 1.5 0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 

E," (GeV) E; (GeV) 

Fig. I. Noninvariant c.m. energy spectra of negative pions in inelastic CC and CTa 
interactions. The dashed lines represent a one-temperature fit (Fq.l); and 1he solid 
one, a two- temperature fit of the experimental data 

60 



Table II. Pion temperatures (T) and relative contributions (R) 

in (d, a, C) + C and (d, a, C) + Ta interactions 

A i At Tl (MeV) Rl <%> T2 (MeV) R2 <%> 2 x I n.d.f. 

d 89±4 91±7 190±33 9±7 12/21 

a c 94±6 85±11 173±22 15±11 15/28 

c 83±3 79±6 145±7 21±6 21/29 

60±10* 53±20* 112±10* 47±20* 16/17* 

d 60±10 60±23 118±14 40±23 17/15 

a 
Ta 

67±9 80±21 138±28 20±21 12/16 

c 66±2 88±3 159±6 12±3 14/24 

42±8* 58±27* 99±9* 42±27* 5/12* 

*The temperatures and relative contributions for pions emitted at 90±1 0" in the CMS 
of CC and CTa collusions 

Table Ill. Pion temperatures (T) and relative contributions (R) 
in CC and CTa interactions with different number of participant protons 

Interaction cc CTa 

N art 0+2 3+6 >7 0+10 11+25 >25 

Tl (MeV) 89±11 74±7 79±7 71±8 68±2 56±3 

Rl (%) 78~:26 61±13 72±15 79±16 90±4 83±7 

T2 (MeV) 13o±29 128±8 136±13 146±21 168±10 134±8 

R2 <%> 'l2±26 39±13 28±15 21 ±16 10±4 17±7 

2 ;{ !tz.d.f. 20/21 20/22 24/26 15/17 17/20 15/20 

15.). W•; have obtained a good approximation using two-temperature fits 
shown by solid lines. An analogous situation is also observed for the 
other pairs of colliding nuclei. 

The temperature values of negative pions and the corresponding 
cor.tributions obtained for inelastic collisions of light d, a and C nuclei 

w;th carbon and tantalum targets are presented in Table 11. Relative 
1 ontribut.ions, R C%), of the different temperatures to pion multiplicity 

were calculated over the total c.m. energy interval (Ri = cJ(c1 + c2), 

where ci = consti·f exp (-E*IT)dE*, i = 1,2). It is seen that the 
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obtained temperature values do not differ significantly from one another 
for various pairs of colliding nuclei. 

To compare our results with the data of pape/21 , the obtained 
temperatures of pions emitted at 90± 10· in the CMS of CC and CTa 
collisions are also shown in Table II. We can state an agreement of the 
temperature values of negative pions produced in CC and CTa collisions 
at 3.36 GeV IN with the Ar + KCl data at 2.1 GeV IN. 

Nontrivial properties of nuclear matter are expected at extremely high 
densities which are accessible in heavy ion central collisions. As is shown 
in paper/6• 71, the net charge of secondary particles Q is an effective 
measure of collision «centrality». The value of Q determines the number 
of participant protons from the projectile and target nuclei, Npart" 

In the experiment we have analysed the noninvariant c.m. energy 
spectra of pions produced in inelastic CC and CTa interactions with 
different values of N 

1 
and have obtained the following results (see par 

Table Ill): i) the two-temperature shape similar to that observed for 
unbiased events is the most preferable approximation of the 
experimental spectra; ii) the extracted temperature values within the 
obtained errers are close to the ones presented in Table II for unbiased 
events; iii) no systematic dependence of temperature values on the 
impact parameter has been found both in CC and CTa collisions. These 
results are in agreement with the conclusion of pape/81 concerning a 
weak dependence of the inclusive distributions of pions on the centrality 
of light ion collisions. 

IV. Co m parison with the Quark-Gluon String Model 

The models which have taken into account the decay of baryonic 
resonances showed112•131 their usefulness for the interpretation of the 
experimenta l data on pion production. The comparison with the 
calculations of the quark-gluon string model <QGSM) can help us to 
understand the observed features of the c.m. energy spectra as well as 
to test the validity of the model, and we briefly discuss below the main 
points of the meson production mechanism in QGSM. 

A. Some features of the quark-gluon string model 

A good agreement of the Dubna cascade model <DCM> 191 calculations 
with the experimental data on inclusive characteristics and correlations 
of secondar es has been shown in previous papers131. In this paper we 
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Fig. 2. Topological quark diagrams for main processes taken into acco nt in the 
model at vs s 4 GeV: a - binary, b - «undeveloped~ cylindrical, c - and 
d - diffractive, e - cylindrical, f - planar. Solid lines mark quarks and the 
wave ones show strings 

have used the following generation of DCM: the quark-gluon string 
model <QGSM) I 1 O/ 

Th d I . d . d ·1 . 110 l·ll T d 'b h e mo e ts presente tn etat tn papers ' . o escn e t e 
evolution of the hadron and quark-gluon phases, a coupled system of 
Boltzmann-like kinetic equations has been used in the model. The 
nuclear collision is treated as a mixture of independent interactions of 
the projectile and target nucleons, stable hadrons and short-lived 
resonances. Resonant n + N-+ ~ reactions and pion absorption by NN­
quasi-deuteron pairs as well as n + n -+ p reactions are taken into 
account. The formation time of hadrons is also included i the model. 
The quark-gluon string model1101 has been extrapolated to the range 
of intermediate energy (Ys s 4 GeV) to use it as a basic pr cess during 
the generation of hadron-hadron collisions. We have used the same title 
of the model because the formalism developed at high energies was as 
a whole maintained, although the contribution of the string mechanism 
is insignificant. The masses of the <<strings>> produced at Ys = 3.14 GeY 
were still small (usually not greater than 2 GeY), and they were 
fragmented mainly (~90%) through two-particle decays. 

The included processes are illustrated in Fig.2 for the case of NN 
interactions. Similar processes also describe nN collisions along with 
additional reaction (l f) corresponding to the planar qua rk diagram. 
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Fig. 3. Rapidity distributions of negative pions produced in CC and CTa collisions. The 
QGSM calcula ions are presented by histograms 

Binary proce~s (I a) makes a main contribution which is proportional to 
1/ Ptab' It cor responds to quark rearrangement without direct particle 

emission in the string decay. This reaction predominantly results in the 

production of resonances (for instance, p + p -+ n + !!.. + +) which are the 
main source of pions. The angular dependence for reaction (la) can be 
parametrized as do/ dt = exp( -bt), where b(s) = 2.5 + 0.7 · In (s/2) and 
t is the fo_ur-momentuf!I transfer. The comparable contributions to the 
inelastic cross section, which however decreases with decreasing Ptab' 

come from th e diagrams corresponding to the «undeveloped» cylindrical 
diagrams (I b) and from the diffractive (lc,d) processes. The pion 
transverse momenta produced in quark-gluon string fragmentation 
processes in the mentioned reactions are the product of two factors . 
These factors are the following: string motion on the whole as a result 
of transverse motion of constituent quarks and qq production in string 
breakup. The transverse motion of quarks inside hadrons was described 

by the Gaussian distribution with variance a2 = 0.3 (GeV /c) 2
. The 

transverse momenta kT of produced qq pairs in the CMS of the string 

follow the dependence: W(kT) = 3b/n(l + bk~)4 . 

The cross sections of hadron interactions were taken from the 
experiments. Isotopic invariance and predictions of the additive quark 
model 1141 (for meson-meson cross sections, etc.) were used to avoid 
data deficiency. The resonance interaction cross sections were taken to 
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be equal to the interaction cross sections of stable particles with the 
same quark content. The tabulated width of the resonances was used 
as well. 

This model was simplified in some aspects to increase the rate of 
nucleus-nucleus generation. In particular, coupling of nucleons inside 
the nucleus was neglected, the decay of excited recoil nuclear fragments 
and coalescence of nucleons were not included. The QGSM was used 
to generate 15.000 CC and 3.000 CTa inelastic minimum bias 
interactions. 

The quark-gluon string model describes the experimental inclusive 
distributions of negative pions satisfactorily, except multiplicity of 
secondaries. The model significantly overestimates the number of 
secondary pions in nuclear collisions with heavy target. Figure 3 
demonstrates the normalized to unit pion rapidity spectra produced in 
inelastic CC and CTa collisions in the experiment. The histograms rep­
resent the QGSM calculations. The center-of-mass system position 
denoted by arrows corresponds to the maximum value of dN I dy . :n: 

B. Analysis of the non-invariant c.m. energy spectra 

The histograms in Fig.4 show the c.m. spectra of n gative pions 
generated by means of QGSM. The momenta of pions i the model 
were corrected for experimental momentum resolution. One can see that 
the model spectra quantitatively agree with the data. The lack of high 

E* pions is more pronounced in CC collisions whereas in CTa 
interactions the excess of low energy n- meson is observed. Using a 

I 0 ""' 

c + c 
• - experiment 
,_- QGSM 

J 
........ 
~ 10 ... 

, .... 
'\ 

\ 

\ 
\ 

C + To 
• - experiment 
,_ - QGSM 

Fig. 4. Noninvarianl c.m. energy spectra of negative pions in inelastic CC and CTa 
interactions. The lines reproduce the smoothed contributions of different sources 
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Table IV . Temperatures (T) and relative intensities (I) 

of pions from different sources in QGSM* 

Source t'1 - Direct !10 - 0 1], 1] ' 

reactions 
p ,p '(l) 

NN I (%) 35 43 12 7 3 

cc T (MeV) 89 341123 91 113 64 

I(%) 43 26 17 12 2 

CTa T (MeV) 581117 391151 611117 421121 63 

I <%> 45 20 17 15 2 
*Typical errors of temperatures obtained in the model do not exceed a few MeV ( and 

x2 I n.d.f. was a bout 1.) and were mentioned nowhere in the text. When the one­

temperature fit was not satisfactory <x2 I n.d.f. > 2.), we used two-temperature fit and both 
temperatures a r<! presented in the table . 

one-temperature approximation for both spectra in QGSM we have 

obtained dissatisfied results <·iln.d.f. about 5. and 15., respectively). 
The two-temperature fit similar to that observed in the experiment gives 

a satisfactor y description of the QGSM spectra: T
1
cc = (57±7) MeV 

(26%), T2cc = (105±2) MeV (74%), <iln.d.f. = 0.5) and T
1
CTa = 

= (54±1) MeV(84%), T2CTa = (134±3) MeV06%), <iln.d.f. = 0.9). 

Both in CC and in CTa inelastic interactions the QGSM spectra 
reproduce. the values ~f temperature lower than in the experiment, and 
relative contributions of the slopes are significantly different for CC 
collisions. 

In pape/121 a <<two-temperature>> shape of the kinetic energy of pions 
emitted at 90° in CMS of central La+La collisions at 1.35 GeV IN was 
explained to be due to different contributions of deltas yroduced at early 
and late stages of heavy ion reactions. In pape/ 13 this effect was 
quantitatively explained taking into account the finiteness of the number 
of particles in the statistical ensemble and the resonant absorption 
mechanisms. 

To unders tand the origin of the two-temperature shape of c.m. energy 
spectra in the framework of the quark-gluon string model we have used 
information of the parentage of secondary particles generated in QGSM. 
As we have mentioned above, dominant sources of pions in QGSM at 
a considered energies are the decays of !!.. and other resonances 
(p, w, 'YJ, 'YJ') as well as «direct» reactions. We have marked as <<direct» 
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Fig. 5. Dependence of relative contributions from different sources to pion multiplicity 
in QGSM on the value of pion c.m. energy. Polynomial approximations were used for 
spectra smoothing 

pions not produced in the resonance decays. Tablt; IV presents_ relative 

pion intensities I (contributions to n- multiplicity) for nucleon-nucleon, 
CC and CTa inelastic interactions generated in QGSM. 

Within -(10-20)% the intensity ratios remain constant for different 
pion rapidities. The influence of secondary processes in going from 
nucleon-nucleon (NN) to CTa interactions results in resonance 
production increasing and decreasing a relative contributio of direct 
reactions. Figure 5 shows relative contributions of the sources 

normalized to unit in different intervals of then- -energy spectrum. In 
fact, it demonstrates the energy dependence of the ratios of the pion 

E* -spectra of different sources to the total spectrum of pions in QGSM. 
As in CC and in CTa collisions the energy dependence of the 
corresponding relative contributions arc approximately identical. At 

E* < 0.5 GeV the decays of !!.. - arc the dominant source of pions 

(-40% of total pion multiplicity). For higher values of E• a relative 

contribution of delta decays decreases, and at F > 0.8 GeV pions are 
mainly produced in direct reactions. The total contributions of mesonic 

resonances (-15%) and !!..0 decays (-15 %> do not change significantly 

with £*. 

The lines in Fig.4 reproduce the smoothed spectra of the mentioned 
sources in QGSM with respect to their contribution to the iotal pion 
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multiplicity marked in Table IV. The spectra display a Boltzmann-like 
form with unequal slopes and every spectrum was fitted separately using 
Eq. I in order to estimate the corresponding value of temperature. The 
results are presented in Table IV. In CC collisions, except <<direct» 
reactions, the c.m. energy spectra of other sources revealed one 
temperature. Investigating in detail the sample of <<direct>> reactions, we 
have foun d that each individual type of reaction (e.g. NN-+ NNn, 
11N-+ NNn , etc.) gives the one-temperature shape of c.m. energy 
spectra. 

As disti nct from generated CC interactions in CTa collisions, each 
source of pions demonstrates two slopes of energy spectra. We have 

studied the c.m. energy spectrum of pions from /1 - decays and found 
that the two-temperature shape of pion c.m. energy spectra from delta 
decays is caused by the growing number of secondary interactions of 
hadrons ins ide the heavy tantalum target. It manifests itself in a variety 

of available 1'1- production channels with different spectra slopes. The 
slope value is also distorted by a significant increase of intranuclear 

n- rescattering. 

Thus, in the framework of the quark-gluon string model one can 
interpret the two-temperature shape of c.m. energy spectra as the result 
of simple superposition of different source spectra with unequal slopes. 
In CC coll isions the model describes the experimental data to 

E*- 0.8 GeV quite satisfactorily, but atE* > 0.8 GeV the yield of pions 
produced via the direct mechanism is underestimated in QGSM . At the 
same time in CTa interactions the excess of low energy pions is 
observed . 

V. Conclusions 

The c.m. energy spectra of negative pions produced in inelastic 
interactions of d, a, C nuclei with C and Ta targets at 4.2 GeV /c per 
nucleon have been analysed, and the values of temperature have been 
obtained. T he two-temperature shape of the spectra has been observed 
for any pairs of colliding nuclei. 

As a whole, in the collisions of light relativistic nuclei with carbon a 
temperature value of (80+90) MeV with a relative contribution to the 
total pion multiplicity about 85% as well as an additional slope 
corresponding to a temperature of (140+190) MeV 05%) are observed. 
For a tanta lum target we have obtained (60+70) MeV (80%) and 
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(120+160) MeV (20%>, resf;ectively. The temperatures are close to 
those for Ar+KCl interactions 21 at 1.8 GeV /N. 

The pion temperatures do not depend significantly on the centrality 
of collisions. 

The experimental results are compared with the c lculations 
performed in the framework of the quark-gluon string model. T he model 
reproduces the two-temperature shape of c.m. energy spectra, but it 
reveals systematically lower values of temperature. The disagreement of 
the experimental and calculated spectra may be considered to be due 
to uncertainties in resonance-nucleon interaction cross section (e.g., for 
the reaction t..N -+ NNn). 

The comparison with the model shows that the two-temperature shape 
of the c.m. energy spectra of pions in the studied nuclear collisions is 
mainly determined by superposition of partial contributions of different 
sources (decays of resonances, direct reactions, etc.). 
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