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KpaTKue coo6rqeHUR OHJIH N"6{3.9 j -89 
YAK 639.126 

JINR Rapid 9ommunlcqtlom No.6/ 39) -89 

HEKOTOPhiE 3AMEl.JAH.HH llO llOBO.[{Y 
PE3Y JibT ATOB llO.HCKA .[{.HllPOTOHHhlX PE30HAHCOB 

B.H.EMeJILHHeHKo, B.A.HHKHTHH, M.r .macppaHoaa 

AHanH3Hpyrorcn ~aHHble pa6oThl TponHa IO.A. H ,o;p. 11 1, noCBHmeH
Hoii: llOHCKY ~pOrOHIIbiX pe30HI1HCOB B cneKrpe J4>4>eKTHBHOH MaCChi 
.o;Byx nporOHOB H3 peaKI.J;HH np-pp 17- B HHrepBane HMUynbCOB Heii:r
pOHOB or 1,25 ,o;o 2,23 fJB/c. ABropbl 111 3aHBJIHIOr o6 o6Hap}')KeHHH 
HMH mecma,o;u.aTH Y3KHX ( c 111HpHHOH -1 M3B/ c 2_) .o;HnporoHHbiX pe-
30HaHCOB. PeJynbraThl aHanH3a H BbiBO,ll;bl B onpe,o;errniOw:eii: creneHH 
JaBHCHr or BerrH'IHHbl H 4>opMbl 4>oHoBoro pacnpe,o;erreHHn. BMecre 
c reM pa3JIH'IHble Mo,o;errH 4>oHa ,o;a10r cyw:ecrBeHHo pa3Hble pe3ynhraTbi. 
B ,o;aHHoii pa6ore c,o;enaHa nollblrKa oUHcaTb cneKrp J4>4>eKTHBHOii: 
Macchi H3 pa6olbl TponHa IO.A. H ,o;p. c noMOlllbiO rrra.o;Koii: 4>YHKI.J;HH 6e3 
npHBrre'leHHH Y3KHX pe30HaHCOB. IlorryqeHbl 3Ha'leHHH x 2 /d. t • • 
6rrH3KHe K e.o;HHHue; oHH HeCKOJibKO MeHhllle, 'leM y TponHa IO.A. H ,o;p., 
npH BBe,o;eHHH pe30HaHCOB. BbiBO,o; pa6olbl Tpoima IO.A. H p. ·o cyw:ecr
BOBaHHH 6orrbmoro 'IHCJia Y3KHX ,o;HnporoHHbiX pe30HI1HCOB crre,o;yer 
npH3HaTb He,o;ocrarO'IHO 060CHOBaHHbiM. 

Pa6ora BbmorrHeHa B Jia6oparopHH BbiCOKHX 3Heprnii: OH.HH. 

Some Remarks on the Results 
of Diproton Resonance Search 

V.N.Emel'yanenko, V.A.Nikitin, M.G.Shafranova 

The data from the paper of Troyan et al.11 1 on the search for the narrow 
diproton resonances in the two-proton effective mass spectrum from the 
reaction np ... pp "- are analyzed. These experimental data were ob
tained over the neutron momentum range from 1.25 to 2.23 GeV/c. 
The authors 11 I declare the existence of sixteen narrow diproton reso
nances with the width of -1 MeV/c2. The results of the analysis and 
conclusions critically depend on the value and shape of the background 
distribution. Withal various background models give significantly diffe
rent results. In the present paper we tried to describe the effective mass 
spectrum from the paper 111 by the smooth function without using nar
row resonances. The values of }/d.f. near 1 and somew at less than 
those obtained by Troyan et al. using the resonances are obtained. The 
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conclusion of the paper I 1 I on the existence of a large number of narrow 
diproton resonances ·should be admitted as not enough justified. 

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

Bae )l; eHue 

B pH)l;e pa6oT Be,D;eTCH rroucK Y3KHX ,D;u6apuoHHhiX pe3oHaHcoa . 

Hx o6Hapy:>KeHue Morno 6hi cau,D;eTenhCTBOBaTh o cymecTBOBaHuu 

UieCTUKBap KOBOH CUCTeMhi, UMerorn;eH ypOBHU B036y:>K,ll;eHHR QBeTO· 

BhiX cTerreHeH cao6o,D;hi. B MO,D;en.Rx MeUIKOB u cTpyH K:x,I:l TaKue co

CTOHHHR B 03MO:>KHhi. Cyrn;ecTBOBaHue ,D;u6apuoHOB RBHnOCL 6hi <t>aK

TOM ¢yH,D;a MeHTanbHOrO 3HalleHH.R. llo 3TOH IIpHtiHHe He06XO,ll;UM BCe

CTOpOHHHH KpUTH'leCKHH aHanU3 UMeiOrn;erOC.II 3KCIIepuMeHTanbHOro 

MaTepuana , 'IT06hi YHCHHTb ,ll;OCTOBepHOCTb BhiBO,ll;OB 0 cyrn;eCTBOBa

HUU 3TUX 3 K30THtleCKUX CUCTeM. 

B ,D;aHHOH pa6oTe aHanu3upyroTCH pe3ynLTaThi rroucKa ,D;urrpoTOH

HhiX pe30HaHCOB, rronylleHHhie IIpU UCCne,D;OBaHUU peaKQHH np-+ pp 17-

lO.A.TpO.IIH OM u ,D;p. Ill. Pacrrpe,D;eneHue 3¢¢eKTUBHOH MaCChi ,D;Byx 

IIpOTOHOB , B03HUKaiOIII;HX B yKa3aHHOH BhiUie peaKQUU, U3y'lanOCb 

3TUMU aBTOpaMU IIpU lleThipex 3HalleHHRX UMIIyHLCa rrepBU'IHOrO rryq

Ka: 1,257; 1,43; 1,72 U 2,23 r3B/c. 

Ha p u c. 1 rrpe,D;cTaaneH crreKTp 3¢¢eKTHBHOH Macchi ,D;Byx rrpoTo

HOB, rrony qeHHhiH aBTOpaMU pa60Thi Ill rrpu UMrrynLce HeHTpOHa 

p = 1,25 r 3B/c. Ka"K OTMe'laiOT CaMU aBTOphi, BOIIpOC 0 ¢oHe IIpU UC· 
n 

cne,D;OBaHUU pe30HaHCOB HBn.ReTCH O,ll;HUM H3 rnaBHhiX. Ha 3TOM :>Ke pu-

cyHKe IIOK a3aHhi ¢oHOBhie KpUBhie, rrony'leHHhie B I 1/ TpeM.R MeTO,D;a

MU. lllTpHXIIYHKTUpHa.R ¢0HOBaR KpHBa.R IIOHy'leHa MeTO,ll;OM "rrepeMe

UIUBaHU.II" , B KOTOpOM IIpOTOH U3 O,D;HOrO C06hiTH.II KOM6HHupyeTC.II 

c rrpoTOHOM U3 ,D;pyroro. KaK BH,ll;HO U3 pucyHKa, ,D;aHHhiH ¢oH ,D;a:>Ke 

Ka'leCTBeHHO He OTpa:>KaeT 3KCIIepuMeHTanbHOrO pacrrpe,D;eneHU.II (aBTO

phi 1 11 y K a3hiBaiOT Ha 3TO) • Bo BTOpoM cnyqae <t>oHoBaH KpHBaR, 

KOTOpa.R IIOKa3aHa rryHKTUpOM Ha pUC. 1, paCC'IUThiBaeTC.II B paMKax 

MO,D;enu O,ll;HO'IaCTH'IHOrO 06MeHa. )ln.R OIIUCaHH.II peaKQUU np-+ pp 17-

UCII0llb3YIOTC.II MaTpHtiHhie 3HeMeHThi Tpex IIO,ll;IlpOQeCCOB: C 06MeHOM 

rr-Me3oHOM , l!:i 33-u3o6apo8 u o6MeHOM rrpoTOHOM. B pac11eT <t>oHa 

3ano:>KeH P M MO,D;enLHhiX rrpe,D;cTaaneHHH, o6ocHOBaHHOCTL KOTOphiX 

He arronHe O'leBH,D;Ha. TpeThH <t>oHOBa.R KPHBaR rrpe,D;cTaaneHa Ha puc. 1 
CIInOUIHOH HHHUeH. B 3TOM cnyqae MO,D;enUpOBaHUe Be,D;eTC.II Ha OCHO· 

Be 3KCIIepuMeHTanbHhiX pacrrpe,D;eneHHH B na6opaTOpHOH CUCTeMe 

(M3JIC) . B 3TOM MeTo,D;e TO'IKa U3 rpa¢uKa p
1 

vs P'
2 

B n.c. (p 1 u 
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p
2 

- HM IIYJibChi ABYX npOTOHOB B C06hiTHH) COIIOCTaBmteTCH CJIY'IaH

HhiM 0 6 pa30M CO 3HalleHHeM yrJia Me')I(,IJ;y ABYMH IIpOTOHaMH B JI.C . 

Bbi'IHCJieHHoe 3Ha'leHHe 3¢>¢>eKTHBH.OH MaCChi ABYX npoTOHOB HCIIOJib-

3yeTc.R A JIH nonyqeHHH ¢>oHosoro pacnpe,D;eJieHHH. 

TaK HM o6pa30M, MO)f(HO KOHCTaTHposaTb (H 3TO npH3HaJOT runo

phi pa60 Tbl 111 ), 'ITO pe3yJibTaTbl onpe,D;eJieHHH ¢>oHa B CHJibHOH CTene

HH 3aBHCHT OT MO,D;eJIH, 3aJIO)f(eHHOH B ero paC'IeT. 

B HTOre aBTOphi 111 npeACTaBJIHJOT HMeJOI.QHecH Ha pHc. 1 ,D;aHHhie 

B BH,D;e c yMMhl ¢>oHOBOH KpHBOH H nHTH 6peHT-BHrHepOBCKHX pe30-

HaHCHhiX KpHBhiX ( CM. pHC. 2) . <l>OHOBa.R KpHBaH IIOJiy'leHa HMH Me

TO,ll;OM M3nc. Pe3yJibTaT o6pa6oTKH AaJI x 2:/d,C. = 1,3. 
llOCKOJibKY Heonpe,D;eJieHHOCTb ¢>oHa BeJIHKa, B03HHKaeT ecTeCT

BeHHhiH BOnpoc, HeJib3H JIH 3KCIIepHMeHTaJibHhie ,ll;aHHbie I l I OllHCaTb 

rJia,D;KOH KpHBOH 6e3 npHBJie'leHHH pe30HaHCOB. 

Ha p Hc. 3 noKa3aHhl TOT )f(e cneKTp 3¢>¢>eKTHBHOH Macchi ABYX 

npOTOHOB , 'ITO H Ha pHC. 1 H 2, H pe3yJibTaThi HallleH annpOKCHMa~HH 

3TOrO cne KTpa <l>YHK~HeH BH,D;a 

Fo(MPP ) = A1·expi- IT / (l+A ·S)jA4 1(l+As·S) I 5 , 

(1) 

T=(MPP-A2) / A 3 , S = sign ( T ) • [ 1 - exp ( - I T I ) ] , 

npH 3Ha'leHHH napaMeTpos A
1 

=103,7; A 
2 

= 1925; A 
3 

= 46,62; A4 
= 2,12.; A 5 = 0,405; A6 = -0,202. TaKa.R annpoKCHMa~HH ,D;aeT 

x2 I d,C. = 1,21. 
Ha p Hc. 4 npHBe,D;eHhl 3Ha'leHHH (NPP - F0 (MPP)) / u, coOTBeT

CTBYJOI.QHe ,D;aHHbiM Ha pHc. 3. NPP- 3KcnepHMeHTaJibHoe 3Ha'leHHe 'IHC

na ABYXIIP OTOHHhiX C06hiTHH, 0' - CTaTHCT}ftleCKa.R OlllH6Ka B BeJIH'IHHe 

Npp H3 I ll ' F 0 - paCC'IHTaHO- no . ¢>opMYrre (1) . 113 pHCYHKa BH,ll;HO, 

'ITO 3a npe,D;eJihi TpexKpaTHOH OlllH6KH H3 61 TO'IKH He OTKJIOHHeTCH 

HH O,D;Ha. 

AHano rH'IHhiM o6pa30M HaMH 6hm npoaHaJIH3HpOBaH cyMMapHhrn 

cneKTp 3 ¢>¢>eKTHBHOH MaCChi ABYX npOTOHOB H3 pea~HH np ... pp rr 
npH p =1,43; 1,72 H 2,23 r3B/c, nonyqeHHhiH B TOH )f(e pa6oTe 111. 

n 
Ha p n c . 5 CIIJIOUJHOH KpHBOH IIOKa3aHbi pe3yJibTaTbi amrpOKCH-

M~HH 3Tor o cneKTpa TpoHHoM IO.A. H ,D;p./ 11 TpHHa,D;~aTbJO 6peiiT

BHrHepoBCK HMH pe30HaHCHhiMH KpHBhiMH H QlOHOBOH KPHBOH, nony

'leHHOH MeTOAOM M3nc. 
Ha p Hc . 6 npHBe,D;eHhi pe3yJibTaThi Haweii annpoKcHM~HH 3THX 

AaHHh~X ¢>YHK~HeH BH,D;a 
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a. 
a. 
~ 

tt-~ 
a. 
a. 

z 

3 

2 

1 

0 

-1 

-2 

-3 

175.5 19455 2015.5 2085.5 

Puc. 7 . . 3Ha~teHWI (NPP -F(MPP)) / u, 
puc. 6. 

I 
2155.5 2225.5 2295.5 

COOT8eTCJ8YIO!J4Ue OQH~biM Ha 

2 
F ( M PP) = F0 ( M PP) + A 7 • exp 1-[ ( M PP - A8 ) :! A 9 ] I , (2) 

n pH 3HaqeHHH napaMeTpoB A
1 

=244,29; A 2 = 1970,65; A 3 = 104,07; 
A 4 =1,57; A5 = 0,72; A6 = -0,13; A7 = 21,23; A 8 = 2265,89; A9 = 
.. 60,80. TaKruJ annpoKCHManHH ,n;aeT x 2 1 d.t. = 1,00. 

Ha puc. 7 npHBe,n;eHbl 3HaqeHHH (NPP - F(MPP)) /a. H u o.n;Ha H3 

3KCnepHMeHTanbHbiX TO'IeK He Bhllla,ZJ;aeT 3a TpOHHYIO CTaTHCTH'IeCKYIO 

owu6ey. 

BbiBOA 

Mhi onucanu cneKTp ::~<P<PeKTHBHOH Macchi ABYX npoTOHOB B peaK

UHH np -> pp 11- I 1 I rna,n;KOH <I>YHKUHeH 6e3 BBe,ZJ;eHHR Y3KHX pe30HaH

COB. BhmO.ZJ; aBTOpOB I 11 0 HMH'IHH 60nhWOro KOnH'IeCTBa p e30HaHCOB 

C [ - 1 7 3 M::~B Henh311 C'IHTaTb 060CHOBaHHhiM, TaK KaK Bhi.ZJ;eneHHe H3 

cneKTpa ::~<t><t>eKTHBHOH MaCChi CHCTeMhl ( pp) Hepe30HaHCHOrO <t>oHa 

MO,n;enbH0-3aBHCHMO H HMeeT 60nhWYIO HeOnpe,n;eneHHOCTb. 
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3aK n JOqeuue 

ABTOpbi BbipaJKaiOT 6naro)J;apuocTL A.A.lloaTopeHKO 3a npo,ll;e
nauHbie pac'leTbi no npe,ll;nO)f(eHHbiM HM <f>opM}'naM (1) u (2), a TaK)f(e 
IO.A.Tposmy 3a npe,ll;OCTaaneuue Ta6nu~ 3KcnepHMeHTanLHbiX )J;aHHbiX 
u none3Hbie o6cy)f()J;eHH.R. 

JluT e paTypa 

1. Tpo.RH IO.A., HHKHTHH A.B., lleqeuoa B.H., Mopo3 B.l1., 11epycanu
MOB A.l1., CTenLMax A.ll., Eewnuy K., llauTea .n:., KoTopo6aii <l>., • 
ApaKen.RH c.r., PaaHHOBH'I 11.M., 0)J;HH~OB B.r., A6)J;HBanHeB A.-
011H11, .D:1-88-329, .D:y6ua, 1988. 

PyKonucL nocTynuna 11 )J;eKa6p.R 1989 ro,ll;a. 
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KpaTKue coo6U4eHW1 OHRH N"6{39 J -89 
YJlK 539.125 + 539.143.24 

JINR Rapid Communications No.6f39} -89 

ON THE POSSIBILITY OF THE DETERMINATION 
OF THE CONSTITUENT MASSES OF COMPOSITE PARTICLES 
BY MEASURING FOUR-MOMENTUM TRANSFER 

N.G.Fadeev 

The method of determining the constituent masses of composite 
particles by measuring four-momentum transfer is given in this paper. 
The idea of the new approach proceeds from the quark-parton presen
tation of deep-inelastic interactions and differs from the traditional 
methods connected with the phenomena of particle passage through 
the matter. The method was substantiated and tested using experimen
tal data on the reaction of deuteron breakdown in a hydrogen c amber. 
The possibility of practical application of the new approach to other 
inelastic particle interactions is discussed. 

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

0 B03MO)I(HOCTH onpe,ll;eJieHHR Mace KOHCTHTyeHTOB 
COCTaBHhiX qacnm Ha OCHOBe H3MepeHHR 
nepeAaHHoro 4-HMnynhca 

H.r .II>a,o;eea 

B pa6oTe H3naraeTCH MeTOA onpe,ll;eneHHH Mace KOHCTHyYeHTOB 
COCTaBHbiX 'laCTHU Ha OCHOBe H3MepeHHH nepe,ll;aHHOrO 4-HMnYJibCa. 
B OTnH~e OT Tpa,Il;Hu;HOHHbiX CllOC060B, CBH3aHHbiX C HBneHHHMH 
npOXO)I(,ll;eHHH 'laCTHU 11epe3 aemecTBO, H,ll;eH HOBOrO llO,ll;XO,ll;a HCXO,ll;HT 
H3 KBapK-napTOHHOrO npe,ll;CTaBneHHH rny60KOHeynpyrHX B3aHMO,ll;eH
CTBHH. MeTOA o6ocHoBaH H npoaepeH Ha 3KcnepHMeHTanhHI>IX AaH
HI>IX peaKUHH pa3Bana ,ll;eii:rpoHa B BO,ll;OpO,ll;HOH KaMepe. 06cy)l(,ll;aiOTCH 
B03MO)I(H~CTH npaKTH'IeCKOrO npHMeHeHHH HOBOrO llO,ll;XO,ll;a K ApyrHM 
HeynpyrHM B3aHMO,ll;eHCTBHHM 'laCTHU. 

Pa6ora BblllOnHeHa B na6oparopHH BhiCOKHX 3HeprHH Ol1JUI. 

Introduction 

The present-day methods of particle mass determination are based 
on a variety of phenomena accompanying the passage of particles thro
ugh the matter: ionization, multiple scattering and so on. The suggested 
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approach differs in principle from the traditional methods and its idea 
lies in the quark-parton picture of inelastic interactions. 

A systematic investigation of the deep-inelastic scattering process 

e + N -+ e + X, ( e = e, p., v, N = n, p) (1) 

allows one to find an interesting feature of these reactions, namely 
leptons are elastically scattered on free constituents (partons) of the 
nucleon/ l/. The parton mass xmN (mN is the nucleon mass) is comple
tely determined by four-momentum transfer. Thus, the hadron mass Mx 
can be always presented as an effective mass of two partons xmN and 
(1-x)mN. 

On t he other hand, the presentation of nucleon as a composite 
particle of unbound partons contradicts the real situation: the nucleon 
manifests itself as a sufficiently hard system. 

In t his situation it seems logical to assume the existence of real 
bound constituents of the nucleon instead of free partons. So, the 
question on the relation of free partons to real constituents and their 
masses arises. 

From all the variety of properties, which the real constituents 
may have, the property of constancy of their masses is enough to deter
mine them, at least in the specific cases. 

Me t hod 

An obvious example of the reaction, in which both assumptions 
(i.e., const ituents exist and their masses are the same in different events) 
are satisfied, 

d+P'-+P + X 

L__.•p+n 
(2) 

is the reaction of deuteron breakdown in a hydrogen bubble chambe/2~ 
In this reaction the proton from the deuteron is simply identified from 
the target-proton, consequently, four-momentum transfer is known. 

To illustrate our approach and also to control its validity, let us 
restrict the selection of events just to the type (2), i.e., the reactions 
with pion production will not be under consideration. 

It is easy to notice that the kinematics of reaction (2) in the anti
lab. system is identical to that of reaction (1) in the lab. system. 

14 



Let us introduce the following notations for reaction (2): 

Kb + K a = K~ + Kx , 

q = Ka -K~, Q
2 

=-q
2

, X=Q2 / 2mbv• v=Ea-E~, (3) 

where K a• ~ and K x are the four-momenta of the projectile, t arget and 
hadron system X, respectively, Q 2 is the 4-momentum transfer squared; 
x, the Bjorken variable; v , the difference between the energies of the 
projectile before and after scattering; and Mx, the effective m ss of the 
hadron system X. 

Figure 1 illustrates the x, Q 2 and M i distributions for reaction 
(2) at a 3.31 GeV jc deuteron momentum per nucleon. 

It should be stressed that the parton representation of inelastic 
interactions (1) and (2) allows the hadron vector Kx to be expressed 
as a sum of two four-vectors corresponding to the partons with masses 
xmb and (1- x)mb: 

(4) 

where y = 1 - x, p x and p Y are parton rapidities in the rest system 

N N 

300 

200 

0 .1 .3 .5 .7 .9 

X 

N 

300 

200 

100 

.24 .48 .72 . 9& .12 3.1t 

Q2(GeV/c)2 
1!.0 4.6 ~ 

M 2 (GeV)2 
X 

Fig.l. x , Q2 , M~ distributions for the reaction of deuteron breakdown in a hydrogen 
bubble chamber at a momentum of 3.31 Ge Vfc per nucleon. 
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of the hadron mass M x (see Fig.2) . In Eq. ( 4) the masses of all particles 
are known, therefore their velocities (rapidities) are also defined 131: 

thp x = ymhshpxy / (xmb+YmbCh.pxy), 

th p = xmb sh p I (ymb + xmb ch p ) , y xy xy 

where p xy = p x + p y . 

(5) 

By analogy with ( 4 ), let us introduce the real constituents with 
masses m 1 and m 2: 

Kx = K 1 + K2 • 

2 2 2 2 ) 
Kx = Mx = qJ 1 + m2 + 2m1m2ch(p 1 +p2 • 

(6) 

where p 1, p 2 are the corresponding rapidities of the new particles. 
From Eq. (6) one can express the masses m1 and m2 through their 
velocities (rapidities): 

m1 =Mxsh p2 / shp 12 , m2 =Mxshp 1/ shp 12 , (7) 

where p 12 = p 1 + p2 . From Eq. (7) one can see that m 1 and m 2 are 
defined by the values of p 1 and P2 and do not depend on the space 
orientation of p 12, i.e. the masses m 1 and m 2 are independent of angle 
a (Fig.2). Therefore it is more worth-while to change the variables: 

p 1 = p X ·- fj_ 1 ' p 2 ·= p y + fj_ 2 • 

J1 

16 

(8) 

rna 

rna 

Fig.2. Kinematic diagram of reactions 
(1), (2) in the velocity space. 



m (GeV) 
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.90 
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" " 
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/ 
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/ 

- X= .42S, rf=.14 
---X =.420, rf=.45 

.009 .018 .027 

Comparing Eqs.(4) and (6), we have: 

(K1-Kx1)2 =(K2-Kx2)2=Q!, 

m I + (xm b) 2 - 2 xmb m 1 ch !! 1 = Q;, 
m~+(Ymb)2 -2ymbm2 ch!l2 = Q~, 

Fig.3. Solution of system (JOi as 
a function of the parameter Q for 

0 
two different events ofreaction (3) 

/ (solid and dashed lines). 

(9) 

where Q~ is a new unknown parameter corresponding to Q 2 for a = 0. 
The parameter cfo reflects the above statement that the ma~ses m 1 and 
m 2 are functions of the values of p 1 and p 2 and do not depend on the 
space orientation of P12· 

Expressing m 1 and m 2 by Eq. (9) and comparing them with (7) ta
king (8) into account, one can find: 

(10) 
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i.e., the system of two nonlinear equations with three unknown para
meters d 1, d 2 and Q~. The experimental data of the reaction (2) show 
how to select the appropriate sign in Eqs. (10): (+) forthe first equa
tion, (-)for the second one if x $ 0.5 and vice versa if x > 0.5. 

The limits of Q2
0 can be set for the requirement that m 1 and m 2 

are positive (upper limit), and radical expressions are positive too (lower 
limit): 

( ) 2 2 2 
- xmbshpx < Q 0 < (ymb), 

- (Ymbshpy )2 < Q~ < (xmb) 2, 

X$ 0.5, 

X > 0.5. 
(11) 

For the fixed value of Q~ from system (10) one can find the values 
of m 1 and m2 as a function of Q~. Figure 3 presents the solution of sys
tem (10) for two real events. The lower limit of Q2

0 
was chosen only 

from the positive part of interval (11). 
It is necessary to determine the approprative value of Q2

0 for a fi
nal choice of the values of m1 and m 2. For this purpose let us assume 
that different events of reaction (2) (i.e., different x and Q2 ) have the 
same constituents with the same masses: 

1.09 

~ 
t) > .92 
cv 

C!l 
~--0 

Q' .75 

.58 

.41 

. 24 

.07 

-.1 

18 
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Fig.4. x- Q~ distribution for reaction (2). 



m 1 (Q ~) 1 + m2 (Q;) 1 = const 1 , 

m 1 (Q~) 1 • m 2 (Q!) 1 = const 2 , i = H n, 
(12) 

where n is the number of events. 
Figure 4 gives the experimental x and Q~ distributions. The neutron 

and proton masses for m1 and m 2 were used to calculate the values 
of Q2 . From these data one can see that different events have the same 
value

0 
of Q ~ over a small interval of x. This experimental fact c n be used 

to choose the appropriate values of Q~. Namely, from all events one 
should select those which have crossover points of the curves for m 1 (Q~) 
or m

2 
(Q2 ) and find the intersection point of Q 2• Figure 3 illustrates 

0 0 . 

the validity of these statements: two curves, which correspond to diffe-
rent events, intersect at the value of Q; just for the right mas es m1 and 

So, the procedure of determination of the real constituent masses 
reduces to solving the nonlinear system of equations (10) for each event 
and to finding the groups of events with the same value of Q~. 

Conclusion 

For a practical application of the new approach it is useful to 
stress the main conditions in the framework of which it has been for
mulated: 1) the components of the four-momentum transfer are mea
sured, 2) real constituents exist, 3) there is a set of events with similar 
constituents. 

Obviously, there is no doubt that this approach can be applicable 
to reaction (2): just on the basis of this reaction it was substantiated 
and tested. But its extension to reactions (1) and (2) with secondary 
pion production still seems unambiguous and requires some further 
investigation. 

On the other hand, poor information on inclusive reactions presents 
some difficulties in studying details of the dynamics of particle interac
tions. Thus, the suggested method can be useful in its application to 
different kinematic regions. This approach seems promising for the 
investigation of a hadron shower in reaction (1) : quark and diquark 
fragmentation, selection of prompt secondaries and jets. For instance, 
the selection of prompt particles will make it possible to redetermine 
the values of four-momentum transfer .and to reduce the task to the 
above version. 
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Future neutrino experiments at UNK with spectrometers used 
to measure and to identify all particles of a hadron shower look pro
mising for such kinds of investigations. 

In conclusion the author would like to express his gratitude to 
A.M.Baldin, V.V.Kukhtin, I.A.Savin, G.I.Smirnov, G.A.Emelyanenko, 
A.V.Efremov, M.I.Soloviev, A.P.Cheplakov and V.V.Glagolev. 
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A NEW METHOD OF THE CALCULATION 
OF THE TWO-NEUTRINO DOUBLE 
BETA DECAY AMPLITUDES ., 
F.Simkovic * 

A new method is proposed of the calculation of the two- eutrino 
double-beta decay amplitude, which does not use the spectrum of 
intermediate nuclear states. The method is based on evaluati n of a 
series of commutators of the nuclear Hamiltonian and weak nuclear 
hadron current. As a result, two-neutrino double-beta decay ampli
tude with a nuclear matrix element of a simple form of the two-nuc
leon operator has been obtained. 

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

HoBhiH MeTOA BhNHCJieHHJI aMIIJIHTYAhi 
AByXHeHTpHHHoro ABOHHoro 6eTa-pacna)l;a 

<1> .IIIHMKOBHU 

IlpeWJO)KeH HOBbiH MeTOA Bbi'IHCJieHH.II CKOpOCTH AB}'XHeHTpHHHO
ro ABOHHOrO 6era-pacnap,a, OCHOBaHHbiH Ha KOMMYTauHOHHbiX COOT
HOWeHH.IIX HAepHoro faMHJibTOHHaHa H CJia6biX HAepHbiX ap,pOHHbiX 
TOKOB. MeTOA He rpe6yer nocrpoeHHH cneKTpa "npoMe~o'IHoro" 
HApa. IlonyqeHo 3aMKHYTOe Bbipa)KeHHe WJ.II aMnJIHTYAbi AaHHoro 
npouecca. 

Pa6ora BbiiTOJIHeHa B na6oparopHH TeopeTH'IeCKOH <l>H3HKH 011.Hl1. 

Introduction 

Recent first experimental observation of the two-neutrino mode 
of the double beta decay of 82gel1 I has revived interest in this pro
cess both among theoreticians and experimentalists. 

The two-neutrino emitting mode of the double beta decay ( 2v 2 {3): 

(1) 

"'Permanent address: Comenius University, Bratislava, Czechoslovakia. 
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occurs as a second-order weak interaction process within the standard 
model of electroweak interactions. 

In the calculations of the ( 2 v 2 {3) decay rate the two-nucleon 
mechanism is considered most frequently / 2-41. 

The modern method of the calculations of the ( 2 v 2 {3) ampli
tude as used recently requires the construction of the spectrum of 
intermediate nuclear states 12- 4( 

The early calculations by the closure approximation method 
have systematically overestimated the ( 2 v 2{3) amplitude 1 2 - 4~ The re
cent progress in calculations of the ( 2 v 2{3) amplitude has been achie
ved by using quasiparticle random-phase approximation method 15

- 81 

which leads to a strong suppression of the (2v2{3) nuclear matrix ele
ments. However, the value of the nuclear matrix element is very sen
sitive to the particle-particle interaction in the spin-isospin polarisa
tion force. 

This substantial sensitivity to the details of the nuciear model 
used in the construction of intermediate nuclear states showed the 
importance of the elaboration of alternative methods of the calcula
tions of the ( 2 v 2 {3) amplitude. 

Recently, C.R.Ching and T.H.Ho191 have proposed an alterna
tive method for the calculations of the ( 2 v 2 {3) amplitude in which the 
sum over the intermediate nuclear states has been transformed into 
a series of commutators of two axial vector currents and the nuclear 
Hamiltonian. 

In this article, we present another method which is also based 
on calculations of commutators of the nuclear Hamiltonian and weak . . 
nuclear currents. Performing summation of a series of commutators 
explicitly, we were able to derive the ( 2 v 2{3) nuclear metrix element 
in a simple form of the two-nucleon operator for a given nuclear Ha
miltonian. 

The derivation of the (2v2{3) amplitude 

We assume that the beta decay Hamiltonian has the form 

}{{3= OF 2(eL .yveL)ja+h.c., 
y2 a 

(2) 

where ja is the strangeness conserving charged hadron current and 
eLand veL are operators of the left components of fields of the elect
ron and neutrino, respectively. 
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2 a 2 1 1 
.<t I s (2) I i > = .i::.!.L ( _F_ ) --============-- X 

2 ./2 (277)6 -116 k k 
v v p 1 0 p 20 1 0 20 

- . c - c 
x u(p

1
) ya ( 1 + y

5 
)u (k

1
) • u(p

2
) -y/3( 1 + y

5
) u (k

2
) Ja/3 + (3) 

- ( p1 : p2 ) - ( k 1 ;! k 2 ) + ( p 1 ~ p 2 ) ( k 1 t k 2) • 

where, 

J a/3 = r 
(4) 

x <pr I T (Ja(x
1

) J 
13

(x 2 )) I p1 > dx1 dx2 • 

Here, p.
1 

and p 
2 

( k 
1 

and k 2 ) are four-momenta of the electrons (anti
neutrinos), p1 and Pr are four momenta of the initial and final nucle
us, and Ja ( x) is the weak charged nuclear current in the Heisenberg 
representation. 

If we use the definition of time-order product of two operators 
in the form 

we obtain 

~-+ ............. -+ 
-i(pl+kl) •][1 -i(p2+k2) •][2 

x J e e x 

~ .... .... -+ 

x .<pf 1Ja(O,x
1

) IPn><PniJ
13

(o,x
2

) IP
1 

> dx
1

dx 2 + (6) 

+2TTB(Er -E 1 + P10 +k 10 +P 20 + k 20 ) x 

oo 1 c P2o + k2o ) t 
(e x 

0 

x < p r I [ J {3 ( t, i 
2

) , J a ( 0 , x 
1
)1 I p 1 > x d t d x 1 d x 2 • 

Here, I p n > is an eigenvector of an intermediate nucleus with energy 
En, and E 1 and Er are energies of the initial and final n cleus, respec
tively. 
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We can see that the first term in the r.h.s. of eq. (6) corresponds 
to two subsequent nuclear beta decay processes. However, in the case 
of the double beta decay, the beta transition from the parent nucleus 
(A , Z ) to the intermediate nucleus (A , Z + 1 ) is forbidden energeti
cally (E >E. ) whichimplies that the first term in the r.h.s. of eq. (6) n 1 

is equal to zero. So, only the second term in eq. (6) with the non-equal-
time commutator of the nuclear hadron currents contributes to the 
( 2 v 28) amplitude. 

Next, if we consider the non-relativistic impulse approximation 
for the hadronic currents, 

..... + ......, ~ ~ 

Ja ( 0 • x) == ; r n ( 8a4 + i g A 8ak (an ) k) 8 ( x - x n) • (7) 

limit the consideration only to s 112 wave states of the emitted elect
rons and antineutrinos and the most energetically favoured o+ ... o+ 
nuclear transition, then for Ja/3 we can write, 

Ja/3 == 2 rr8 (E r - Ei + PlO + klO + P2o + k 20) x 

oo i(p + k O)t ' H ' Ht.. + 
x J e 20 2 l8a

4
s84< pr(O+) j[e 1 tV(O)e-1 ,v(O)l \pi(O ) > + 

-.lg28 8{3k<pr(O+) \[e1Ht An(O)e-iHt ,Ae(O)] jp. (O+) > Idt 
3 A ak ' t 1 • 

with 

V(O) ==~ T+. 
n n 

(9) 

+ .. Ae (0) == ~ rn (an)e ' 
n 

(10) 

where H is the nuclear Hamiltonian. If we use, instead of eq. (5), the 
fully equivalent formula for the time-ordered product of two operators, 

(11) 

T(Ja (xl) J8 ( x2)) ==Jtf-x2) Ja(xl) +t9(x10 -x 20)[Ja (x 1) ,Jf3(x2)]' 

we obtain the same formula for Ja/3 as in eq. (8) but with p20 +k 20 to 
be replaced by p10 + k10 . 

From the equivalence of both the ways of calculation it follows 
that in the framework of our approximations J a/3 does not depend 
on the kunematical variables and we can set 

24 



Ei - E r 
p10 +k10=P20+k20= 2 =/)., (12) 

in eq. (8). The traditional way for the calculation of the ( 2v2{3)ampli
tude is to insert the complete set of intermediate nuclear states into the 
nuclear matrix elements in eq. (8). 

Instead, we proceed as follows. We assume the following form of 
the nuclear Hamiltonian 

(13) 

where H0 is the Hamiltonian of A free nucleons, and V8 is the effec
tive nucleon-nucleon strong interaction 

(14) 

where 

(15) 

(16) 

V=~l g(r )P 
. H 2 1 ~ j H ij r ' 

(17) 

(18) 

with 

p =1._(1~; .; ) ' 
(j 2 i j 

(19) 

P, = ~ ( 1 + i'i . ~ ) , (20) 

where gw(r 1j), gB(r 1. ), gH(rij) and gM(r 1j) are scalar functions 
of the relative coordinafu r.. of two nucleons ( i , j) 1 101 . 

The tensor force, spin:~rbit interaction and other nonlocal forces 
as well as the Coulomb interaction are neglected since t eir contribu
tions are much smaller than those of VB, V H and VM. 
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The nuclear matrix element with axial current is 

MAA=<Pr (O+)I[e 1Ht Ae(O)e-iHt ,Ae(O)l lp
1

{0+) > . (21) 

If we take into account that 

[A e ( 0) , H 0 + Vw 1 = 0 , (22) 

and if we suppose that the main contribution to the nuclear matrix 
element gives the two-nucleon operators and neglect the contribution 
of the three- and'. more-nucleon operators, we obtain 

1 iO t -. -iO t _. 
MAA=<pf(O+)I2 ~ [e nm (Anm)ee nm ,(Anm)eliPi(0+)>£23) 

n"'m 

where 

0 nm =gB(r nm)Pu +gH(rnm) pr +gM(rnm)PuPr • (24) 

.. +-+ + .. 
A nm = 7 nun + r mum · (25) 

The two-nucleon operator of the nuclear matrix element in eq. (23) 
can be simplified in the following way. We have 

ia t -+ - iO t e nm A e nm 
nm (26) 

igMPu Pr. t igHPr t 
=e e 

JgBPu t ... - igB Pu t - igHPr t -lgMPu P7 t 

e Anm e e e 

where, gM= g M{r 0 m), gH=gH(r0 m), gB=gB(r0 m), and we can 
write I 11/that 

igBPu t ... - igBP u t 
e A e nm 

k k 
oo (igBt) ~ -> ] 

I. [ Pu · · · [ Pu • Anm). · · . 
k=O k! 

(27) 

It is easy to see that using P 2 =1 we can sum up the series of commuta
tors in eq. (27) and obtain u 

igBPut-. - igBPut 
e A0 me 

1 ... ... 
= 2{Anm +PO' Anmpu + 

+COS(2gBt)(A -P A p )+ nm 0' nm u 
(28) 

+ i sin ( 2g t )( P , A 1l . B u nm 
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Proceeding similarly for the Heisenberg force gH ( r nm) and for the 
Majorana force gM ( r ) is eq. (26) and then inserting the result into nm 
eq. ( 23) and-+ calculating the commutator in eq. ( 23) with the use of 
the form of A

0
min eq. (25), we obtain 

MAA=6i<pr(O+) I ! r+r+lsin(2(g -g )t) flu+ 
n,m n m H B s 

+ ..!. sin ( 2 ( g + g ) t) nut II p. ( o + ) > • 
3 H B I 

(29) 

where 

t1 1 n =-(1-P ) . 
s 2 u 

(30) 

(31) 

are projection operators which project onto the singlet (5) and trip
let (t) parts of the nuclear two-body wave function. 

Analogously, we get 

M vv = <p r ( o+) I[ e1Ht V (O) e- iHt • V (O)) 1 p 
1 

( o+ ) > = o . (32) 

By inserting eqs. (29) and (32) into eq. (8) and then into eq. (3) 
and performing the integration over time variable using the standard 
procedure of adiabatic switching-off the interaction at t-+ oo , 

00 
· t 

00 i(a+if)t r e1
a sin (bt) dt => lim r e sin (bt) dt= lim 

(-+0 

b 
---. (33) 
.._2 2 . 

0 £-+0 0 u - a -1£ 

we obtain the (2 v 2$) amplitude in the form 

1 ==========:- X v 16p p k k 
10 20 10 20 

x !ii(p ) yk(l+y ) uc(k ) ·U(P ) ·y (l+ ·Y ) uc(k ) -(k1 -+ k 2) l x (34) 
1 5 1 2k 5 2 ... 

2 ~~ . 
x g A M 2 rr 8 ( E r - E i + P 1 o + k I. o + P 20 + k 20 ) • 
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where 

M2v
2
/3=< p (0+ ) 1 !. r+r+(!(r )Ua+]__r+(r )Ua )I P .(O+}> , (35) 

f ni m n m nm s 3 nm t 1 

with 

t±(rnm) = lim 
gH (rnm) ± g B(r nm) 

(36) 
2 !::. 2 

(g (r ) ±g (r )) -(-) -i£ 
H nm B nm 2 

E-> 0 

Discuss i on and conclusion 

We have derived a new formula of the (2v2/3) amplitude (eq.(34)) 
with the ( 2 v 2/3) nuclear matrix element in which the summation of a 
series of commutators of the nuclear Hamiltonian and weak nuclear 
currents has been performed and a simple form of two-nucleon tran
sition operat or has been found. 

The two-nucleon operator of the (2v2/3) nuclear matrix element 
in eq. (35) in the framework of our approximations depends only on 
the Bartlett and Heisenberg forces and has a pole structure in their 
radial dependence ( eq. ( 36)). 

We note that if in the L -S coupling we consider only the confi
guration L = 0, S = 0 in the ground states of even-even nuclei and neg
lect the L = 1 S = 1 configuration, becasue of a short range of pairing 
forces 191, and choosE; the Bartlett and Heisenberg forces to be equal, 
we obtairi that the ( 2v2/3) amplitude is equal to zero, which is in ag
reement with the conclusions of C.R.Ching and T.H.Ho 191 . 

In conclusion, we add that the same method can be applied to 
the calculations of other nuclear processes such as the neutrinoless 
double-beta decay and nuclear pion double charge exchange. 
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THE DECAY ~ -+ 11°yy 

M.K.Volkov, M.Nagy* 

By using the linear a-model the estimates of the branching ratio of 
the decay KL-+ 11 °yy have been obtained. The cmnparison with the 
experimental data of the E731 group has been made. 

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

Pacna,n; K L-+ rr0 yy 

M.K.BonKoB, M.~ 

B paMKax JIHHCHHOH a·MO}J;eJIH 6bUIH DOll)"'CHbl OUCHKH BCpoliTHQ
CTH pacna~J;a KL .. rr0 yy. Ehmo npoBe}J;eHo cpaBHeHHe c IJ;aHHbiMH 
JKcnepHMCHTanbHOH rpynnbi E731 . 

Pa6ora BbinOJIHeHa B na6oparopHH reopeTHqeCKOH cpH3HKH OHJII1. 

The authors of recently published paper I 11 h~ve performed a 
search for the rare decay mode KL .. 11°YY using a data set from E731 
experiment. This decay is of interest for its contribution to the decay 
KL-+ 77° e+ e- , which gives some possibilities of observing a direct CP 
violation. They have concluded, using world averages for KL ... 2, 0 and 
for KL ... a-,o branchi.J1g ratios 121 that B(KL-+ 11°yy) < 2.7 x 10-6 

(90% confidence level). 
In 1982 one of tlie authors of the present paper calculated the 

width of the decay TJ .... 11°yyl3l in the framework of the quark model 
of superconductivity type (QMST) I 4,51 , just proposed at that time. 
This model is a quark analogy of the well-known model of Nambu -
Jona-Lasinio l sl . Starting from the effective chirally symmetric four
quark interaction, one can obtain in QMST the well-known chiral pheno
menologici:t.l Lagrangians, describing the linear a -model and the interac
tions of scalar, pseudoscalar, vector and axial vector mesons. The num
ber of free parameters in this case is less than that in the old phenomeno
logical approaches. 

*Institute of Physics, EPRC, Slovak Academy of Sciences, CS-842 28 Brati
slava, Czechoslovakia. 
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The advantages of the linear a -model compared with the non
linear variant one can realize at the description of the process 7J ... TT

0 y y. 
The experimental status of this process was unclear for quite a long 
time. Before the beginning of eighties the experimental value of the 
decay rate· of this process was considered as equal to the decay rate 
of the process 1J ... 11 + 11-y. We have shown already in 1979 the uncor
rectness of such experimental results from the point of view of pheno
menological chiral Lagrangians /7 I . Really, the experiments, performed 
in IHEP (Serpukhov) in 1980-1981, have confirmed, that the width 
of the decay 7J .... TT

0Y.Y is almost 70-times smaller, than that of the 
decay 7J .... 11 + 11- y I 8 I . 

From the theoretical results, obtained before the IHEP experi
ments, the closest to the experimental data were the calculations publi
shed by Oppo and Oneda191 . They have accounted the contributions 
of the vector mesons in the process 1J .... " 0y y (7J .... y [(w, p. ¢ ) .... rr0y ] ) • 
However, their result. was triple smaller than the next experimental 
result. In the nonlinear chiral theory the large contributi ns are also 
give~ by the diagrams depicted in Fig. I 

'fl. 

Q 
b 

Fig.l 

but, these contributions are mutually compensated. Quite a different 
situation takes place in the linear a -model with the real intermediate 
llo(980) meson (in the old notations 8(980)) in the diagram of the 
type lb. In QMST these loop diagrams have the form shown in Fig.2. 

~·.w.rr.., 
\r \, ~r ~ 

Q b c d 

Fig.2 
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Here the diagram 2d also partially compensates the lagre contributions 
of the diagrams 2b and 2c. The remaining part, in contrast to the non
linear model, is nonvanishing and completely commensurate with the 
contribution of the diagram 2a, having w and p mesons in the interme
diate state. As a result we have obtained for the width r TJ .... 77oyy the 
value equal to 1 e V, that is in good agreement with the experimental 
data / 8/ . 

The contributions of the contact and pole diagrams with an in
termediate scalar meson havf> been accounted in the amplitude of the 
decay TJ .... 77° yy for the first time in paper110/. There the author got 
the result quite close to the future experimental data18/ . Then, already 
after the new experimental data appeared, the similar numerical estima
tes have been obtained in / ll/ . However, by comparing the results of 
the paper 110/ with those of / 3,9,11/ one can realize that in/ 10/ the 
estimates of the contributions of the pole diagrams with vector mesons 
into the width of the decay TJ -+ 77°YY have been twice higher. Therefore 
the agreement of the final result with the recent experimental data has 
only the accidental character. In the articles 131 and / ll/ , the results 
of which are completely mutually consistent, the contributions of these 
diagrams are accounted more correctly. 

After these general remarks we overcome to the calculation of 
the amplitude of the decay K L ... 77°YY that can be easily expressed 
through the amplitude of the decay TJ -+ 77° yy . Really, the process 
KL ... 77°YY is completely defined by the three pole diagrams, depicted 
in Fig.3. 

c• 

~;. 
... 

~· 
'I(• 

~t 
a b c 

Fig.3 

However, the dominant contribution to the amplitude K L -+ 77°yy will 
give the diagram 3b, because there is the pole very close to the resonance 
region. The diagrams 3a and 3c are not only far from the resonance, bl}t 
even are partially compensated, having opposite signs. That is why we 
shall neglect their contributions in the following. 

The amplitude of the decay K L -+ TJ -+ tr
0 yy , taking into account 

the previous arguments, can be expressed in the form 

c 
T o = - ---- T o =aT o 

KL-+77 yy 2 2 TJ-+ 77 yy TJ-+ 77 yy rn -m 
TJ K L 

(1) 
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where m 77 and m KLare masses of the 77 and K L mesons, respectively. 

The quantity a, connected with the weak vertex, defining the probabi
lity of the transition K L _. 11, is considered as a free parameter. We defi
ne this parameter from the independent experimental data, namely 
from the widtbs of the decays K L .. yy and 11 ... ·YY· The amplitudes 
of these decays can be expressed analogously to (1) 

(2) 

For the amplitude T .,. we g~t from the recent experimental data 1 2! ., .. yy 
the value · 

r exp mTI exp m 17 2 
=- ( T. ..,) = 0.42 keV , 

TJ-> yy TT TJ-> yy 0 

T exp 
1)->yy 

= _!_ ( TT 0.42 keV ) 112 

m77 m11 

0.0124 

mfl 

(3) 

Then, by using (2), we have the following formula for the width of 
the decay K L ... yy 

-12 = 7.24 x 10 eV. (4) 

From here we can easily evaluate the parameter a 

-7 
a = 1.5 x 10 • (5) 

Now we have all necessary aids for the calculation of the width of 
the decay K L... " 0 yy 

·f =a 2 r o (mTJ -+mK ) • 
KL -+ 1T

0YY fl-+ 1T YY L 
(6) 

The evaluation of the contributions of diagrams in Fig.2 into the width 
of the decay K L .... 17°~ with the change of the mass of 1)-meson to the 
mass of KL-meson, leads to the following results. 

The contribution of the diagram with the intermediate vector 
meson (Fig. 2a) equals 
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(p, Cll ) rr M 4 - 2 
r K -+rro =2M (-2-) [ 3aa Pa sinO] [I PP + 21PCI.I +I Ci.ICil = 

L YY Srr F rr (7) 

-S -14 
=4.8x10 ]= 0.5x10 eV, 

where M denotes the mass of the KL-meson, F ,= 93 MeV is the pion 
decay constant, a = e 2/417 = 1/137 is the electromagnetic constant, 
ap = g ~/4tr =3 is the constant of the decay p -+217 , 0 = () 0 -{}, () 0 .. 35° 

is the ideal mixing angle, () = -18 °, Ipp, I Ci.ICI.I and I PCI.I are the phase 
integrals, calculated in the paper l9l. We have used the values of these 
integrals obtained after replacing the mass m 11 by the mass m K . 

. . L 

The contribution of the diagrams 2b - 2d is given as follows 131 

r (o+8) M m 4 -
KL->1Toyy =g;-( 217F) (aa sin8)2x 

17 

M2+m2 
2mM 2 

2 4m u 2 
2 112 M

2
+m x)2(1- ) • 

dx(x - 1) ( 2mM - m 2 _ M 2_ m2 + 2mMx x r 
a.o 

(8) 

where m is the mass of the 11° -meson, m a. is the mass of the a 
0 
-meson 

0 

and mu is the mass of the constituent u and d quarks, having in our 
model the value I 51 • 

m2 
u 

m2 
8.1 2 

= -- [ 1 ··( g F 2 12 - ' 1- (~) ) 112 ] m . 
a. 1 

(9) 

Here m a. is the mass of the axial-vector a cmeson. For the value m a. 
1 1 

1101 = 1270 MeV we get m u .. m d ==280 MeV and from the formula (8) 
we get the value 

r (D+B~ == 0.34 X 10-14 eV. 
KL-+17 yy 

(10) 

The last important term, giving the sizeable contribution into the decay 
K L -+ 17°yy , is coming from the interference of the diagrams of the 
type 2a and 2b - 2d. This term has the following form 
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-14 
= 0.54 x 10 eV , 

where 

2 
- x) (1 - ) x 

m 2 - M 2 - m 2 + 2mMx 

m 2 
- Mm (x - v x 2 - 1 ) 

x In--~P--------~==~ 
m 2 - Mm (x + v x2 - 1) 

p 

ao 

(11) 

(12) 

The sum of all these contributions leads to the following value of the 
width of the decay K L ... 7T

0 yy 

-14 r 0 = 1.4 X 10 eV • 
KL->tr yy 

(14) 

or to the value of the branching ratio 

(15) 

which does not contradict the experimental data on the upper bound 
of the branching ratio published in 1 11 . 

The estimates of the width of the · decay K L ... rr0 yy becomes an 
especially actual meaning at present time, when LEP at CERN is start
ing to operate. In particular, there are in preparation some new experi-
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ments with neutral particles as the final decay products. The test of 
our theoretical results could undoubtedly provide the interesting infor
mation concerning the confirmation of the advantages of using the 
linear version of a -model in the elementary particle physics. The re
sult of 11 1 is close to our estimates and there is the possibility of mea
suring the upper bound in the framework of LEP activities. 

References 

1. Papadimitriou V. et al. (E731). - Phys. Rev. Lett., 1989, 63, p.28. 
2. Particle Data Group, Phys. Lett., 1988, B204, p. 1. 
3. Volkov M.K., Kreopalov D.V. - Yad. Fiz., 1983, 37, p. 1297. 
4. Volkov M.K., Ebert D. - Yad. Fiz., 1982, 36, p. 1265; Z.Phys., 

1983, C16, p. 205. 
5. Volkov M.K. -Ann. Phys., 1984, 157, p. 282; Part.Nuclei, 1986, 

17, p. 433. . 
6. Nambu Y., Jona-Lasinio G.-- Phys. Rev., 1961, 122, p. 345. 
7. Volkov M.K.- Part. Nuclei, 1979, 10, p. 693. 
8 . Binon F. et al.- Yad. Fiz., 1981, 33, p . 1534. 
9. Oppo G., Oneda S.- Phys. Rev., 1967, 160, p. 1397. 

10. Gounaris G.J.- Phys. Rev., 1970, D2, p. 2734. 
11. Ivanov A.N., Troitskaya N.I.- Yad. Fiz., 1982, 36, p.494. 

Received on December 15, 1989. 

36 



KparKue coo6~qeHUJI OHHH N°6{ 39 j -89 
YAK 539.12.01· 

JINR Rapid Communications No.6{ 39] -89 

THE VECTOR AND AXIAL-VECTOR DOMINANCE 
OF WEAK INTERACTIONS 

M.K.Volkov, M.Nagy*, A.A.Osipov 

The problem of the vector and axial-vector dominance of weak in
teractions in the framework of the quark model of superconductivity 
type is discussed. 

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

BeKTOpHaR: H aKCHaJibHO-BeKTOpHaR: ~OMHHaHTHOCTb 

cna6biX B3aHMO~eHCTBHH 

M.K.BonKOB, M.H3A&, A.A.OcHTioB 

06C)')KAaeTCH rrpo6neMa BeKTOpHoH H aKCHaJI&HO-BeKTOpH M: AOMH
HaHTHocm cna6biX B3aHMO)J;eHCTBHH B paMKax KBapKOBOH MO)J;eJIH 
csepxrrpoBoMmero THTia. 

Pa6oTa BbiiiOJIHeHa B na6opaTOpHH Teopem'leCKOH cpH3HK 011HI1. 

The question how to include the weak interactions into the quark 
model of superconductivity type (QMST} 111 has been discussed in pa
pers I 2 • 3( Here we would like to give the final variant of such an inclu
sion. It will be slightly different from the results, obtained in that part 
of 131 , where the interaction of axial-vector mesons with W-boson 
was described. If one uses the approximative mass formula m~ =m~+6m~ 
which takes place in our model, the results I 31 will coincide .Jith those, 
obtained in this article. However, for the concrete physical calculations 
it is better to use the last variant, as a more exact one. 

After these general remarks let us overcome to the derivation of 
formulae, describing the vector and axial-vector dominance in QMST. 
At the beginning we write the Lagrangian, describing in t he framework 
of our model the interaction of mesons with quarks 

L s t = q [ i a- M + g (;; + i y5 i) + i ( ~ + .y5 i ) ] q -
2 

* Institute of Physics, EPRC, Slovak Academy of Sciences, 842 28 Bratislava, 
Czechoslovakia 
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u2 + ¢ 2 V 2 + A 2 
a a a a (1) 

2a 1 2a 2 

- --- " IL where q"' ( u. d. s) are the quark fields with three colours; i a= i y all ; 
M = diag (mu, md , m8 ) is the constituent quark mass matrix; ua, cpa , 
V IL and AIL are the scalar, pseudoscalar, vector and axial-vector mesons, 
a a - a a 

respectively; a = a a X (0 < a < 8), >. are the Gell-Mann matrices; 
gp = v' 6g is the constant of decay p .... 2 IT, ( g ~~ 41T"' 3) ·The constant 
a1 and a2 can be determined from the mass spectrum of pseudoscalar 
and vector mesons: a 1= 4.9 (Gev)-2 and a 2 =16 (GeV) -2 1 1( 

From (1) one can obtain the following (necessary for the further 
investigations) part of "strong" Lagrangian: 

g . 
L:t =iJ2g(i:y5rr+r+q+ P -q(p++ ·y5a;-) r+q+g'PFITZa11LaiLrr-+ h.c.

v'2 

-.!..(p+ p- +a+ a- ) +m 2 · +p-+m2 a+ a 
2 /L v 1L v lp. v ip. v p p JJ p. a 

1 
1p. 1p. 

(2) 

where F, =93 MeV is the pion decay constant. The factor Z can be ex
pressed in terms of physical quantities as follows 

-1 6m~ 1 j 2gpFIT 2 z =(1- - -)=-[1+ 1-( ) 1. 
· m2 2 · m2 

a1 a 1 

(3) 

where ma 
1 
is the mass of the a 1-meson. The mass of u-quark is given by 

the formula 

2 m~l j 2 gp FIT 2 
m = [1- 1-(---) 1 

u 12 2 
rna 

1 

(4) 

and for rna =1200 MeV we have m u .. 300 MeV. 
FurthJ'r let us investigate the interaction of the electroweak gauge 

boson W with quarks and leptons. We write the "weak" Lagrangian in 
the next form 

I( -"'(+) 5 p.(-) (+) 
L = - - - I q W ( 1 - ·Y ) r q + f W + h. c. 1-

w - + IJ. 
2v'2 
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(5) 

where 

ll(-) - ll 5 - ll 5 - ll 5 
f = v e y ( 1 - y ) e + v ll ·Y ( 1 - ·Y ) ll + v r ·Y ( 1 - y ) r 

is the lepton current, Wll is the vector boson with the mass Mw,wC-) ll v W~+~ 
is the kinetic form of W-boson and K is a weak constant. 

The Lagrangians (2) and (5) lead to an appearance of the diagrams 
depicted in the Figure, corresponding to the nondiagonal terms in 

K /l , - K /lV+ - - 2 /l+ 
M. =-- FTT z w a II T7 + --[ w ( p +a ) -12m w a 1 ] +h. c. 

2 ,... 4g /lV /lV U /l 
p (6) 

i . ±. w 0.., 

+~+ 

Figure 

At the evaluation of the divergent diagrams in the Figure, we used there
lation /1/ 

g=(4l)-
112

, 1=-i--3-
(277)4 

fJ(A2 -q2) 

(m2 -q2)2 
(7) 

where at the regularization of divergent integral, playing an important 
role at the description of quark loops, we used the cut-off parameter A. 
This parameter bounds the region, where the spontaneous breaking of 
chiral symmetry takes place /1~ · 

We perform the diagonalization of kinetic terms by taking the 
new variables: 

p ± = "Pd + -~ w ± 
ll ll 2 gp ll 

(8) 

This procedure eliminates the vertij:!es from the Lagrangians L w and 
M.., describing the interaction of the W-boson with quark fields, as well 
as the nondiagonal terms W ll ± a rr ~ The nondiagonal term with deri

ll 
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vations are replaced by the similar terms without derivations and the to
tal Lagrangian will have the form 

L=L _ _!_w(-)ILvW(+) M2 w<->1Lw(+) 
st 2 1L II + :11 1L + 

m2 
(9)' 

a . 
K [ 2 w + - 1 w+ - h l I( [ o IL<->w+ 1 + -- m P IL pll + -- IL a lll + • c. ----= L + h. c. • 

2gp Z 2'1/2 IL 

In the limit of large masses Mw the Lagrangian L. can be rewritten in the 
expression 

m2 
ow cos (Jc ell(-) (m2p+ +~a+ ) + h.c. 

L = --- -- p IL z 11L w gp 
(10) 

Here (} 
0 

is t he Cabbibo angle. The vector and axial-vector dominance of 
weak interactions in QMST has been firstly discussed in papers /2 • 3~ 
In 131 the factor m2 ( p + + a~1 ) has been obtained instead of that one in 
(9), i.e. the Lagrangi~n il: 131 tfas the form · 

L _ Gwcos (J m2 
w- c p 

gp 
f IL (-) ( p + + a+ ) + h. c. 

IL lll 
(lOa) 

One can rewrite the Lagrangian (10) into the form (lOa) by using the 
mass formula m! =m~+6m~ and (8), defined in our model 

6m2 
m2 p++(1 - --

0
-)m2 a+ =m 2 ( ++a+). 

P 1L 2 a 11L P p 1L 11L 
m 

a1 

However, because the model formula mi
1 
=m~+6m~ leads to the low 

value of the mass of the a 1-meson (rna "'1100 MeV) it is better to use 
the Lagrangian of the form given in (lb). We verify it by considering, 
e.g., the decay r-+va 

1 
. From (10) we get the decay width 

2 2 
m rna m, 2 rna 2m 

T 1 1 'P = - - [ a cos 8 1 < 1---) (1 + --) = 
Srr c Zg m2 m2 

P r r 
r, ... v al 
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={3 x 10-
10 

MeV (ma
1 

=1265MeV) 141 

2.7 x 10- 10 MeV (rna = 1200 MeV/ 51 

1 

rexp( 3 ) = (2.85 ± 0.3 ± 0.34) X 10- 10 MeV 141
• 

T-+V a1 -+ 17 

By taking the Lagrangian in the form (lOa) we obtain 

r = { 0.81 x 10-
10 

Mev 

r -+v a1 0 
1.08 x 10- 1 MeV 

(rna = 1265 MeV) 
1 

(rna = 1200 MeV) 
1 

We write also the theoretical result for the decay r-+ v p : 

m, mpmr 2 mp 2 2m~ _ 10 __ 
r =- [ Gcose --1 (1--) (1+-)=4.2x10 MeV, 

r-+vp 817 c g m2 m2 
P r r 

r exp = ( 4.35 ± 0.4 ± 0.53) X 10-lO MeV 141 • 
r ... vp 

(11) 

(12) 

(13) 

There the agreement with the experiment is good. The axial-vector domi
nance allows to simplify the calculations in · any other processes, e.g., the 
decays 17-+evy 16< 17-+ve (~C) 17 1 , Kef.81 ,etc. · 

In conclusion let us discuss how to·'aescribe the fundamental de
cay of pion 11- .... ei/( JLv) by using the Lagrangian (10). The correspond
ing part of (10) has the form 

(lOb) 

To be able to overcome to the physical fields a l , it is necessary to re
move the nondiagonal terms in the strong Lagrar{gian (2). For this pur
pose it is enough to perform the following transformation of the fields 
alll 

(14) 

Then one can easily obtain, using (lOb) and (14), the Lagrangian describ
ing the decay 11- ... e i/ 
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m2 g F z 
a p rr · 5 

L _ -=-0 cose [--1 =F ]a rr +vy 11 (li. - y ) e= 
rr -+ ev w c g z 2 rr 11 

P m 
a1 (15) 

. 5 
=-Ow cosec F

17 
all rr+iiyll(l-y ) e. 

We have demonstrated that the axial vector dominance plays an impor
tant role at the calculation of weak processes. 
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3MHCCHH <l>PArMEHTOB H3 B03EY:>K,llEHHbiX H,llEP, 
OEPA3YIOIUHXCH B PEAKQHHX 2 3 2 Th+1 2 C H 1 11 1 Ta+5 2 Cr 

IO.A.My3hi'IKa, E.H.OycThillbHHK 

Ha OCHOBe MOAeJIH KaCKap,HOro HCIIapeHHH HYKJIOHOB H <fl parMeH
TOB IIpOBeAeHbi paC'IeTbl Ce'leHHH o6pa30BaHHH <flparMeHTOB C Z = 3 7 
7 20 IIpH pacrrap,e B036}')KAeHHbiX HAep, o6pa3yx<liUHXCH B peaKIJ,WIX 
18 llra+ 52 Cr H 232 Th+ 120. Ha6moAaercs: Ka'lecrneHHoe pa3JIH'IHe, 
AJIH 06'bHCHeHHH KOTOporo H}')KHO rrpeAIIOJiaraTh, 'ITO B CJiyqae peaK
IJ,HH c HOHaMH xpoMa ao3pacraer Ae<flopMaii.HH ocraro'!Horo HApa, 
HJIH JIHlllb 10 7 20% OT BbiXOAa paBHOBeCHbiX <fJparMeHTOB OIIpeAe
JIHeTCH KaHaJIOM pacrraAa COCTaBHOrO HApa, a OCTaJibHaH AOJIH CBH3aHa 
C ApyrHMH KaHanaMH my60KOHeyrrpyroro B3aHMOAeHCTBHH HAep. 

Pa6ora BbiiiOJIHeHa a ITa6oparopHH HAepHbiX peaKII.HH OJ!IJUI. 

Emission of Fragments in the Decay of the Excited 
Nuclei Produced in the Reactions 
I II I Ta+s 2 Cr and 2 3 2 Th+l 2 C 

Yu.A.Muzychka, B.I.Pustylnik 

On the basis of the nucleon evaporation model the cross sections 
have been calculated for the formation of fragments with Z = 3 7 20 
in the decay of the excited nuclei produced in the reactions 181Ta +52 Cr 
and 232Th+ 12 C. It is found that there is a qualitative difference in 
fitting to the experimental results for these two reactions. This diffe
rence can be explained if it is assumed that in the 52cr-induced re· 
action the deformation of residual nuclei increases, or only 10-20% 
of the equilibrium fragment yield is due to compound nucleus decay, 
the rest being formed as a result of the deep inelastic inter ction of 
the nuclei. 

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

B rrocne.n:Hee apeMH rrony'leHhi 3KcrrepHMeHTaJibHhie .n:aHHbie, CBH
.n:eTeJibCTBYIOll.Ufe 0 TOM, 'ITO 3aMeTHaH AOJIH BbiXOAa !PparMeHTOB C 
Z > 2, o6pa3yiOll.UfXCH B H.D:epHbiX peaKl.UfHX C TIDKeJibiMH HOHaMH,B 
3a,lJ:HIOIO TIOJiyc<t>epy, CBH3aHa C paCTia,lJ:OM B036y)I(Jl;eHHblX COCTaBHbiX 
H.D:ep, JIH60 AOJirO~BYI..UHX TipOMe)I(}'TO'lHblX CHCTeM. 3TH pa60Tbi TIO-
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BbiCHJIH HHTepec K TeOpeTHlleCKOMY paccMOTpeumo npouecca Hcnyc

KaHHH paBHOBeCHblX <f>parMeHTOB 
1 1 ' 2~ Pauee HaMH Ha OCHOBe MO,D.eJIH 

KacKa,n.noro HcnapenHH HYKJIOHOB H <f>parMeHTOB 6&IJIH npoae.n.en&I 

pacqeT&I ceqeuHH: o6pa30BaHHH paauoaecn&IX <f>parMeHTOB c Z =3 -:- 11 
npH pacna,n.e B036y>K,D.eHHbiX H,D.ep, o6pa3yiOI.UHXCH B peaKQHHX·3He+Ag 

H 
40 

Ar + (Ag , Sm , Au) 
13 

• 
41

• 0KonqaTeJI&Ha.R: <f>opMyna ,D.JIH pacqeTOB 

ceqeHHH HCnapeHHH KJiaCTepOB H3 B036y>K,D.eHHblX .R:,D.ep C yqeTOM He

.CKOJibKHX c zyneHeH HeHTpOHHOrO HCnapHTeJibHOrO KaCKa,D.a 6&ma 

npe,n.cTaaneua a BH,D.e 

e kp 
r (i) 

m v. e 
X ue I. -. (7 = I 

r <I) + I r <1> + I r (i) f=O 
C.R. i=O 

n(p) , f ,, • e r. e n. p Jl 

i-1 
r < k) 

n,f 
X n ·-- -------

k=O r < k ) + I r < k ) + I ·r < k ) r. e n,p n(p),f v v,e 

r.n.e m - 'IIHCJIO czyneueii ueiiTpouuoro HcnapHTenLnoro KacKa,n.a. 

PacqeTbl npoa e,n.eHbl ,D.JI.R: Ka>K,D.Oro e c warOM no :meprHH B036y>K,D.e

HHH a 1 M3B. HcnapHTeJILH&Ie nmpHH&I .D.JIH nyKJiouoa H <f>parMeHTOB 

f , f H -f paCC'IIHTbiBaJIHCb B CTaTHCTHllecKOH MO,D.eJIH C HCnOJib30· 
n p v 

BaHHeM nJIOTHOCTH ypoaueii B MO.D.eJIH <f>epMH-ra3a. HcnOJIL30BaJIOCL 

CTaH,D.apTHOe B blpa>KeHHe ,D.JIH ,D.eJIHTeJibHOH WHpHHbl -ff C yqeTOM 3<f>· 

<f>eKTOB BP.am enHH a l'r'IO.D.eJIH CPS 151. AuaJIH3 noKa3an, 'liTO ua pe-

3YJILTaT&I pac 'lleTa CHJibHOe BJIH.R:HHe 0Ka3biBaeT yqeT 060JIO'Ile'IIHblX 

3<f><f>eKTOB B n apaMeTpe nJIOTHOCTH ypOBHeH OCTaTO'IIHblX .R:,n.ep H yqeT 

KOJIJieKTHBHbl X 3<f><f>eKTOB, CB.R:3aHHblX C H3MeHeHHeM paBHOBeCHOH 

.n.e<f>opMaQHH H yrnoaoro MOMenTa B ocTaTO'IIHbiX H,D.pax nocne BbiJieTa 

uyKJionoa H <f>parMeHTOB. 

M&I TaK>Ke OTMe'llaJIH, 'liTO B CJiyqae HOHOB Ar OTO>K,D.ecTBJieHHe 

,D.OJirO>KHByi.Ue H npoMe:>KYTO'IIHOH CHCTeM&I, ,D.aiOI.UeH BKJia,D. B BblXO,D. 

KJiaCTepOB B 3a,D.HeH nonyc<f>epe, C COCTaBHbiM H,D.pOM .R:BJIHeTC.R: 6oJiee 

npo6neMaTH'IIHLIM, qeM B cnyqae peaKQHH c 3Jie , o.n.naKo pacqeT no 

HCnapHTeJibHOH MO,D.eJIH H B 3TOM CJiyqae npHBO,D.HT K YAOBJieTBOpH

TeJibHOMY COrJiaCHIO C 3KCnepHMeHTaJibHbiMH ,D.aHHbiMH, eCJIH yBeJIH· 

qHTb Ha 5 7 7% BeJIH'IIHHy r O, BXO,D..R:ll(yiO B <f>opMyJiy ,D.Jl.R: KYJIOHOBCKO· 

ro B3aHMO,D.eHCTBHH KJiaCTepOB H OCTaTO'IIHOro H,D.pa. He,n.aBHO nOHBH· 

JIHCb 3KCnepHM eHTaJibHble ,D.aHHbie no Ce'lleHHHM 3MHCCHH paBHOBeCHblX 

<f>parMeHTOB c Z=3 -:-16 a peaKuHHx 2321rh+ 12c H 
1

81 Ta+ 
52

cr 
161

, 

H3 KOTOpbiX M O>KHO C,D.eJiaTh 6oJiee Ha,D.e>KHOe 3aKJIIO'IleHHe 0 BKJia,D.e 
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CpaeHeHue 3KcnepUMeHTMb

HblX Ce'leHUU ( e ) o6pa308a

HUJI cfipa2MeHT08 C pe3YJibTa

TaMU pac11era (-). 3Kcne

puMeHTMbHble oaHHble 83JITbl 

u3 pa6orb/61 , 2oe oHu npeo

craeJleHbl 8 OTHOCUTe/lbHblX 

eouHUI{ax. B peaK14uu Ta + Cr 

KpueaR 1 cooreercreyer r 0 = 

= 1,3, KpueaR 2 - r0 = 1,23. 

1)0 

i 
~ 10-1 

H 
:J: 
~ 10-2 

-· ai 

vt 10-3 

' ~ 
10""4 

~4~~6~8~~~~~~~ 

KaHana 3MHCCIUI ¢parMeHTOB H3 B036y)l(,ll;eHHblX COCTaBHblX R,nep 
244 

Cm H 233 BK a nonHoe ce'leHHe o6pa30BaHHR paBHOB ecHbiX ¢par

MeHTOB. CocTaBHbie n,npa HMeiOT 6nH3KYIO 3HeprHIO B03 6y)l(,ll;eHHR H 

npe,neJtbHbiH yrnoaoii MOMeHT (- 130 7 140 M3B, -65h), BMeCTe 

C TeM CHJthHO OTJJH'laiOTCR 'IHCJJOM HeHTpOHOB. HecMOTp R Ha TO, 'ITO 

ere .A. ( Th + C ) I cr c .A. ( Ta + Cr) - 6 , BbiXO,IJ; qiparMeinoa :B peaKUHH 

C HOHaMH yrnepo,na MeHbllle, 'leM C HOHaMH XpOMa npHMepHO B 20 7 

-;- 500 pa3 npH Z , MeHRIOmeMcR OT 6 ,no 16. EbmH npoa e,neHhi pacqe

Tbi Ce'leHHH 3MHCCHH ¢parMeHTOB C Z =3 7 20 H3 B036y )l(,ll;eHHbiX CO

CTaBHblX R,D;ep, o6pa3yiOmHXCR B 3THX peaKI.UiRX. ,lJ;JtR p eaKUHH C HO

HaMH 
12

C y,noaneTBOpHTeJthHOe cornacHe pe3yJtbTaToB p ac'leTa c 3KC

nepHMeHTOM nony'leHo npH r 0 =1,23 <t>M, 'ITO cornacyeTcR c pacqe

TaMH ,IJ;JJR 
3 He ,B TO BpeMR KaK B CJtyqae HOHOB XpOMa Ta iOKe He06XO

,IJ;HMO 6biJt0 HCTIOJlb30BaTb r O = 1,3 ¢M. llpH r O = 1,23 <l>M B CJtyqae 

HOHOB XpOMa pac'leTHOe OTHOilleHHe BblXO,IJ;a ¢parMeHTOB cr ( Ta + 
II 

+ Cr) / cr (Th+C) MeHReTCR acero OT 3 ,IJ;O 10 npH Z , MeHRIOmeMCR OT 6 
,IJ;O 16 ( CM. pHCyHOK) • 

TaKHM o6pa30M, Ha6nro,naeTCR Ka'lecTBeHHoe pa3JtH'IHe, ,nnn o6'b

RCHeHHR KOTOpOrO HY)I(HO JJH60 npe,nnonaraTh, 'ITO n p H peaKLIHH C 

HOiiaMH XpOMa B03paCTaeT A.e<i>OpMal.lHR OCTaTO'IHOrO R,D;pa, JJH60 B 

3TOH peaKLIHH JlHillb 10720% OT BbiXO,IJ;a paBHOBeCHbiX ¢parMeHTOB 

onpe,neJJRIOTCR KaHaJIOM pacna,na COCTaBHOrO R,D;pa, a OCTaJihHaR ,IJ;OJJR 

CBR3aHa C ,npyrHMH KaHaJiaMH rny60KOHeynpyroro B3 HMO,IJ;eHCTBHR 

n,nep 1 71• 

HaM Ka:>KeTcR, 'ITO ,naJILHeiilllee Hccne,nOBaHHe npoLieccoa c Hcny

CKaHHeM paBHOBecHblX ¢parMeHTOB MO:>KeT RBHThCR X OpOillHM cpe,n

CTBOM H3y'leHHR xapaKTepHCTHK HarpeTbiX R,D;ep B IllHp OKOM ,IJ;Halla-
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30He Mace H 3HeprHH: . B036y)I()J;eHHJI. KpoMe Toro, npH paccMOTpeHHH 
HOBblX B03MO)I(}{blX MeXaHH3MOB o6pa30BaHIDI !f>parMeHTOB He06XO
,IJ;HMO HMeTb npe,II;CTaBJieHHe 0 TOM, KaKaH 'laCTb 3THX !f>parMeHTOB 
MO:>KeT 6blTb CBH3aHa C 06b11JHOH CTaTHCTH'lecKOH MO,IJ;eJiblO pacna,na 
B036y)I()J;eHHLIX a,nep. 

B 3aKJIIO'leHHe asTOpbi BLipa:>KalOT 6naronapuocTb B.B.BonKosy H 
A.H.Me3eH~esy 3a none3HLie o6cy)I()J;eHIDI. 
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