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KparKue coo6U4eHW! OHJ/11 N" 16-86 
Y.UK 539.142 

JINR Rapid Comnwnimrir 11.1 1\'o. l fi ·S6 

FRAGMENTATION OF ONE-QUASIPARTICLE STATES 
IN 153,155sm AND 153,155Eu 

L.A.Malov, Nguyen Dinh Vinh, V.G.Soloviev 

Fragmentation is calculated for neutron 2f 7/2• 
lhg/2• liJ3/2•3P3/2• 2fs/2• 3pJ/2• 2g9/2 and proton 
Ig7 /2• 2d5/2• lhJJ /2• 2d3/Z• 3sl /2• 2f7 /2 subshell s 
providing a dominant contr1bution to the cro s s sec-
tions of (a, 3He) and (a , t) reactions in t he 
152,154sm isotopes. 

The investigation has been performed at l he La­
boratory of Theoretical Physics, JINR. 

eparMeHTa4~R OAHOKBa3~4aCT~4H~X COCTORH~~ 

8 153,155sm ~ 153,155Eu 

Jl.A.Manos, HryeH .UHHh EmiL, B.I'.Conom,en 

PacctiHTaHa «PparMeHT au,ll.A uefiTpoHHhiX no)J.o6o,Jotie K 
2f7/2• Ihgf2• IiJ3/2• 3P3/2• 2fs/2• JPI/2• 2gg}2 
H npOTOHHbm ITO)J.060J10tieK lg]/2• 2d5; 2 , JhJJ/2 • 2d3/2• 
3SJ /2 H 2f] /2• KOTOpbie )J.<IIOT llO)J.aBJl.AIOJliHfi BKJla ) ~ B ce ­
tieHH.A (a, 3He)- H (a, t)- pe<JKU,III'\ H<J H30TOI1 <! X 
I52,154sm. 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTHtJecKor, <j:JH-
3HKH mum. 

Fragmentation of one-quasiparticle states of d eforr.~ed 
nuclei has theoretically been investigated within the 
quasiparticle-phonon nuclear model (QPNM) in ref s .11- 3 ' 
The experimental information on fragmentation of these 
states is still scarce 14

- 6 /. The study of the 152·154 Sm 
( a, 3He) 1&3.155 Sm and 152,154 Sm ( a, t) 153,155 Eu reac-
tions has recently been undertaken in the Michigan Uni­
versity, USA. Therefore, it became necessary to calcu­
late fragmentation of particle quasineutron state s in 
153,1!'i5 Sm and particle quasiproton states in 153, 55 Eu. 
The results of calculations of fragmentation of s ome 
states in the above nuclei are the aim of the pre sent 
paper. 

The calculations have been performed in the QPNM with 
the ground and excited state wave functions of de formed 
odd-A nuclei in the form 
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17 1 I + ( + + ( IJ'"(K )=V 2 ~ ~Cp(Kv)apa+~Dg(Kv)a Q)g!IJ'0 , I) 

where IJ' 0 is the ground state wave function of the rele­
vant doubly even nucleus, l/ is the state number with 
momentum projection onto the symmetry axis K and pari­
ty 17 , g "' qaA1.d ( i is the root number of a secular equa­
tion f or one-phonon states with multipolarity A and pro-
jection p. ) , a+ and Q+ are the quasiparticle and phonon 
creation operators. The set of quantum numbers for a one­
particle state is denoted by qa and for states with gi-

. 17 
ven value ofK by pa, a= +1. 

The strength functions C~ (~) describe the strength 
distribution of a certain one-quasiparticle state p over 
an odd-A nucleus spectrum and has the following form / 1/ 

2 1 - L 
Cp (!]) = -:; Im Jp tl] + i,V2). 

Here Jp (!]v) = 0 is the secular equation for energies 1)v 

of state s (I). 

(2) 

In some cases fragmentation of a spherical subshell 
nPJ ove r the states of a deformed nucleus proves to be 
interes t ing. Therefore, one should take into account the 
contribution of this subshell to many single-particle 
states of a deformed potential and their fragmentation 
(2) due to the interaction with phonons. Expansion of 
the s~ngle-part~cle state wave function ¢pK over shell 
functions ¢nfJ of the spherical potential is 

¢ l p K 
pK = nEJ 3 nPJ ¢nEJ" (3) 

As a re sult, the relevant strength function SnfJ(!]) of 
the sub shell nPJ fragmentation is 11 - 3·71 

1 1 o<<t ;1)+ i~;2) K 2 2 
S p (7J) = - Im l ---- ..., l (aP ) C ( 1)) ( 4) 

0 J 17 p KJp(!] +iM2) 8p (!] + i,V2) pK nfJ P . 

Here (Jp (71 + iM2) and e<ln~J ; 1) + iM 2) are the determinants 
obtained from the basic determinant 8(1) + i,V2) by elimi­
nating and adding rows and columns. The explicit form 
of the above determinants is given in refs/1.3 / and 1 7~ 

In a stripping reaction of the type (a, 3He) or 
(a, t), to calculate the spectroscopic factors the 
"particle" part of the total strength function is sepa­
rated, t hat is. 
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- 1 1 O(u Ka~f~ ;17+iM2) pK 2 2 
snf/17)=-lm~ p ,~(u ae) c (17).(5) 

" pK :fp(l'l+ii\/2) Op (17 + i,.V2) pK pK n J P 

Here UpK are the Bogolubov transformation coeffic i ents. 
In the present calculations the averaging parameter is 

~ = 0.4 MeV. The parameters of the Saxon-Woods poten­
tial have been chosen · as for zone A = 155 1 1•21. The de­
tails of calculations and methods of fitting the parame­
ters of multipole-multipole forces have been desc r ibed 
in ref/ 1 ~ _ 

The strength functions SnfJ (5) were calculate for 
the neutron spherical subshells 2f712 , th

912
, ti 1312 , 

3p
312

, 2f
512

, 3p
112 

and 2g
912 

in 1 53,155sm, the proton 

spherical subshells tg712 ,2d
512

,th
1112

,2d
312

,3s
112 

and 
2f · 153 155 • • ( p K 2 2 l/Z 1n ' Eu,and the contnbut1on "pKanfJ)Cp (17) of 

single-particle states in the sum (5). 
Part of these results for 155 Sm is presented i n fig.l. 

Here and further in fig.2 the strength functions SnfJ 
are denoted by solid lines. The contributions of certain 
single-particle states p (marked in the figures by the 
Nilsson notation) in SnfJ are shown as well. 

1.0 -
~ 

5331 

0 2 4 6 4 6 ~(MeV) 
Fig.l. Fragmentation of neutron subshells in 1 55Sm. 

In the single-particle neutron scheme the ti 1312 and 

3p312 subshells are high-lying and the 2f712 subshell is 
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close to the Fermi surface. Therefore, fragmentation of 
the Ji 1312 and 3p312 subshells is stronger than of 2f

712
; 

this c an be seen from fig.l. About 36% of the li
1312 

sub­

shell s trength and- 60% of the 2f7 12 
subshell strength 

is concentrated in the interval up to 2 MeV. In the exci­
tation energy interval up to 13 MeV about two third of 
the lh

912 
and 2f712 subshell strength is assigned to par-

ticle s tates excited in the ( a, 
3He) reaction; for the 

ti 1312 , 2g
912 

and 3p312 subshells this portion increases 

up to 3/4 and for the 2fS/2 and 3p1; 2 subshells more than 
4/5. The results of calculations for 153Sm differ slight­
ly from those for 155 sm. The largest discrepancy occurs 
for the low-lying states and especially for 5/2+[642~ 
and 3/2- [52Jt) 

The high-lying neutron 2g912 subshell is most strongly 

fragment ed (almost uniformly) in a wide energy interval 
higher t han 13 MeV. It is obvious that the contribution 
of this subshell would hardly be extracted experimentally 
from the total cross section of the stripping ( a, ~e) 
reaction . In spite of the fact that on the whole fragmen­
tation of the high-lying 2f512 and 3p 112 subshells is con-

siderabl e, one can note the strength concentration of in­
dividual single-particle states 5/2-{ 503•), 1/2- [521 +) 
and t/z-[501•) in narrow excitation energy intervals 
5-6 MeV, 0-1 MeV and 4-5 MeV, that should be seen expe-
rimentally. · 

Part of the results of calculations for 155 Eu is shown 
in fig. 2 . In the single-particle proton scheme the 2d

512
, 

tg712 and th 1112 subshells are close to the Fermi surface 

and the 2d3/2 subshell is much farther. This leads to 
a diffe r ent fragmentation of the above subshells, that is 
seen from fig.2. It should also be noted that the contri­
butions to the strength functions of individual single­
particle states are as a rule strongly mixed, which should 
be obser ved experimentally. About 1/2 of the 1g712 sub-

shell s t rength, 2/3 of the 1h
1112 

and 2d
512 

subshell 

strength and the dominant part of the 3s
112

, 2f
712 

and 

2d312 subshell strength is attributed to particle states 

observed in the (a , t) reaction. Among the subshells high­
lying i n energy the 3s 112 and 2f712 subshells are most 

strongly fragmented in a wide energy interval more than 
8-10 MeV. 
8 
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1.0 

""E QS c 
tln 

-. 
10 

~ 
~ QS 
,.,. 
c 

l.ln 

5321 

5231 

4111 4021 

0 2 I. 2 I. 6 i(MeV) 
Fig.2. Fragmentation of proton subsh~lls in 1 5 5 ~u. 

It is seen from the calculations that the neutron sub­
shells li

1312
, lh

912 
and 2f

712 
give the main contribution 

to the spectroscopic factors of the (a, 3 He) reaction; 
and the proton subshells lh 1112 , 2d512 and lg712 , to the 

( ) 
• • 152,154 

a , t react1on 1n Sm . 
At present, the particle states with an energy less 

than I MeV are experimentally known in the 153 ·f5!ism and 
153,155 Eu isotopes, Therefore, . it is of interest to pass 
to higher excitation energies for elucidating the speci­
fic features of fragmentation of the states calculated 
in this paper. 
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H3 4309 3aperHCTPHPOBaHHhlX HeyrrpyrHx B3aHMOAeHCT­
BHH OT06paHO 259 ~eHTpanbHb~ CTOllKHOBeHHH HAep Heo­
Ha-22 c HApaMH B cPOT03MynbCHH. HccneAoBaHbi HeKoTOPbie 
oco6eHHOCTH 3THX B3aHMOAeHCTBHH, 0TMe~aeTCH yMeHbme­
HHe KOppenH~HH MeJK,IJ;y MHOJKeCTBeHHOCTHMH pa3HOrO THrra 
BTOpH~Hb~ ~aCTH~ no CpaBHeHHID C aHanOrH~HhlMH KOppe­
llH~HHMH AITH Bcex HeynpyrHX B3aHMOAeHCTBHH, B TO JKe 
BpeMH 06HapyJKeHO OTllH~He OT HYllfl K03cPcPH~HeHTOB KOppe­
llH~HH no rrceBA06biCTpoTaM Afl.II ~aCTH~ c f3 > 0, 7, B yr­
noBoM pacrrpeAeneHHH MeAfleHHhlX ~aCTH~ - ITPOAYKTOB 
pa3pymeHHH .!IApa-MHmeHH Ha6niDAaeTCH WHPOKHH MaKCHMYM. 
H3 243 ~eHTpanbHb~ CTOllKHOBeHHH .f!Aep HeoHa C HApaMH 
Cepe6pa H 6pOMa Bb)AeneHbl )8 cny~aeB, B KOTOpbJX npH 
60llbi!.IOM ~Hcne 6biCTPhlX 3apHJKeHHb~ ~aCTH~ /-40/ He 
Ha6lliDAaeTCH BbmeT TaKHX ~aCTH~ AO yrnoB 6-12° OTHO­
CHTenbHO HanpaBneHHH rrepBH~Horo .f!Apa, BepOHTHOCTb 

-3 
cny~ail:Horo ITOHBrreHHH 3THX C06biTHfi He rrpeBhlWaeT ) 0 . 

Pa6oTa BbiiTOnHeHa B na6opaTOpHH BbiCOKHX 3HeprHH 
OIDIH . 

On.Some Peculiarities of 4.1 A GeV/c Momentum 
Neon - 22 Nucleus Coli isions 
with Nuclei in Photoemulsion 

S.A. Krasnov et al, 

Some peculiarities of 259 central collision events 
selec ted among 4309 inelastic interactions of neon-22 
nucle i with nuclei in photoemulsion have been inves­
tigat ed.The correlations between the multiplicities 
of d i fferent types of the secondaries become less in 
comparison with the analogous ones for all inelastic 
inter actions. At the same time the coefficients of 
pseudorapidity correlations for particles with f3 > 0.7 
diffe r from zero, A wide maximum in the angular dis­
tribu tion for slow particles-products target nucleus 
disin tegration is observed. 18 events have been se­
lected from 243 events of the central collisions 
with the silver and bromine nuclei. In these inter­
actions at a large number of fast charged particles 
(of about 40) the emission of such particles with 



angles up to 6-12° relative to the primary nucleus 
direction is not observed. The probability of random 
appearance of these events does not exceed 10- 3. 

The investigation has been performed a t the La­
boratory of High Energies, JINR. 

B HccneAOBaHHAX AAPO-AAePH~x saaHMOAe~CTBH~ 6onbwoe 
BHHMaHHe YAenAeTCA LleHTpanbH~M CTOnKH.OBeHHAM, OAHO~ H3 
xapaKTepHCTHK KOTOp~X ABnAeTCA OTCyTCTBHe $parMeHTOB 
cneKTaTopos AApa-cHaPAAa. HaH6onee 4aCTO s Ka4 e CTBe KPH­
TepHA OT6opa TaKHX C06~TH~ HCnOnb3yiOT KpHTepH~ l zifr 

= Q = 0, rAe Z}r - aapAA $parMeHTa cneKTaTopa. 1 

npH H3y4eHHH HeynpyrHX B3aHMOAe~CTBH~ AAep HeOHa-22 
c AApaMH s $QT03MynbCHH npH HMnynbce 4,1 A· r3B / c AnA s~­
AeneHHA Knacca LleHTpanb~~x cTonKHOBeHH~ ~ TaKme Hcnonb-

v / 1 n 6 30BanH 3TOT KpHTepHH · 1-1ame npH TaKOM HenOnHOM OT ope, 
KOrAa Y4HT~BaeTCA OTCyTCTBHe TOnbKO aapAmeHH~X $parMeH­
TOB AApa-cHaPAAa, B C06~THAX OTMe4aeTCA 6onbwoe 4HCnO 
reHepHpOBaHH~X 4aCTHL.I H npOB3aHMOAe~CTBOBaBWHX HyKnOHOB 
o6oHX AAep c f3 > 0, 7 - s - 4aCTHL.I. KpoMe· Toro, B 31'HX me 
CO~THAX Ha6ni0Aa10TCA 6onbWHe MHOmeCTBeHHOCTH $ p arMeHTOB 
AAep-MHWeHeH - g -4aCTHL.I ( 0,23 5; {3 ~ 0, 7), CBHAe TenbCT­
BY~He 0 TOM, 4TO M~ HMeeM Aeno C C06~THAMH non HOrO paa­
pyweHHA AAep-MHWeHeH, CM, Ta6n.1 /KpHTepHH pa3AeneHHA 
BTOpH4H~X aapAmeHH~X 4aCTHL.I Ha b-, g - H S -4aCT HL.1~ nOA­
p06HO paCCMOTpeH~ B I l l /, KoppenRL.IHH Me*AY MHOme CTBeHHO­
CTAMH pa3HOrO THna 4aCTHLI ,R bg , R bs , R gs , AAA OT0 6paHHOro 
Knacca saaHMOAei1cTBHH oKaa~saiOTCA 6onee cna6~MH no cpas­
HeHHIO C aHanorH4H~MH KOppenAL.IHAMH AnA BCeX Heyn pyrHX 
B3aHMOAeHCTBHH, 8 Ka4eCTBe npHMepa B Ta6n.1 npH BeAeH~ 3Ha-

4eHHA Rbg H R bs. 

HHaA CHTYai..IHR Ha6niOAaeTCA npH HCCneAOBaHHH yrnoe~X 

xapaKTepHCTHK. Yme e pa6oTe 11 1 OTMe4anHcb HeKoTop~e oco-
6eHHOCTH LleHTpanbH~X CTOnKHOBeHHH, 8 4aCTHOCTH , B yrno­
BOM pacnpeAeneHHH HaH60nee MeAneHH~X aapAmeHH~X 4aCTH L.1 -
b- 4aCTHL.I / {3 < 0,23/, ABnA~HXCA npOAYKTaMH pac~enneHHA 
AApa-MHWeHH , o6HapymeH WHPOKH~ MaKCHMy M. AnA Hc cneAoea­
HHA oco6eHHOCTei1 y rnoeoro pacnpeAeneHHA 6~cTp~x OAHoaa­
PRAH~x s-4aCTHL.I 6~nH paCCMOTpeH~ KOppenAL.IHH 3 THX 4a CTHL.I 
no nceeAo6~cTpoTaM 7J = - ln tg 0/2: 
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rAe 

N 1 
C2 = N(N - 1 )~ 

2 
d aN 1 daN daN 

-- --- --
<NaN)2 d771 d772 d771 d772 

a N - 4 "1 CJ10 s -4aCT"'U a co6b1I"~"~· 
CpeAHee 3Ha4eH!f1e BeJ1!f14"1Hbl cr np"' OTcyTCTB"'H KoppeJ1RUHH 

AOJ1>KHO 6 b1 Tb paBHO HYJ110 so acex HHTepaanax 1'177 121
. B Ta6n. 2 

npHaeAeHbl AHaroHaJ1bHble 3J1eMeHTbl MaTPHUbl c~ npH 1'177 = 1 AJ1R 
ueHTpanb HbiX B3aHMOAeHCTBHH. 3AeCb >Ke AJ1R cpaaHeHHR noKa-

3aHbl pe3y J1bTaTbl p03blrpb1Wa ueHTpaJ1bHbiX CTOJ1KHOBeHHH no Me­

TOAY MoH Te-Kapno. npH p03blrpblwe AeJ1aJ10Cb npeAnOJ10>KeHHe, 

4TO yrJ1bl BbiJ1eTa S -4aCTHU B3aHMOHe3aBHCif!Mbl H RBJ1RIOTCR Bbl-

6opKOH H3 3KCnepHMeHTaJ1bHOrO pacnpeAeJ1eHHR AJ1R ueHTpanb­

HbiX C06b1Tif!H. B Ka>KAOH cep"'H pa3blrpb1BaeMbiX C06b1THH BOC­
npO"'3B0AHJ10Cb pacnpeAeneHHe no MHO>KeCTBeHHOCTH 3THX 4ac­

Tif!U. Bce r o 6blno npoMoAenlflpoaaHo 40 cepHH. 04eBHAHO, 4TO 

rHnOTe3a paBeHCTBa HYJ110 acex 3J1eMeHTOB cr AJ1R ueHTpanb­

HbiX B3aH MOAeHCTBHH OTBepraeTCR, B TO BpeMR KaK AJ1R C06bi­

Tb1H, pa3bl rpaHHbiX no MeTOAY MOHTe-Kapno, OHa npHHHMaeTCR. 

4TO >Ke MO>KeT 6b1Tb if!CT04HHKOM Ha6J110AaBWHXCR no nceBA0-

6biCTpOTe KOppeJ1RUHH? B03MO>KHO, OH CBR3aH C HaJ1H4HeM y3KHX 

rpynn 4a CTHU, BbiJ1eTaiOII\HX nOA OTHOCHTeJ1bHO MaJ1biMH yrJ1aMH 

APYr K APyry. B 3KcnepHMeHTe HaHAeHo 49 Y3KHX TpoeK H 23 
y3Kifle 4eT aepKH. B pe3yJ1bTaTe p03blrpblwa 4Hcna co6b1THH, 

a 10 pa3 npeBblwaiOII\ero 3KcnepHMeHTanbHoe 4HCJ10, He 6blno 

06Hapy>Ke HO HH OAHOH TpOHKH. 4"1CJ10 4eTBepOK OKa3aJ10Cb 

a -8 pa3 MeHbwe Ha6niOAaawerocR 4HCna. 

Ell\e·OAHHM HCT04HHKOM HeOAHOPOAHOCTH aHcaM6J1R ueHT­
panbHbiX B3aHMOAeHCTBH~ MO>KeT 6b1Tb npHCYTCTBHe B HeM 110C0-

6blx" C06b1 TH~. npH aHaJ1!f13e ueHTpaJ1bHbiX CTOJ1KHOBeHH~ 6biJ10 

o6Hapy>Ke HO, 4TO HHOrAa BCTpe4aiOTCR C06b1THR, B KOTOPbiX 

OTCYTCTBYIOT S -4aCTHUbl BnJ10Tb AO yrJ10B 6-12° OTHOCHTeJ1b­

HO Hanpa a neH"'fl nepB"'4HOrO RApa. 0AHO H3 TaKHX C06biTHH 

noKa3aHO Ha PHC. 1. 
C UeJ1 b iO BblfiCHeHHR HCT04HHKa 11 0C06b1X11 C06b1TH~ 6biJ1a 

np!f1MeHeHa cneAYIOII\aR npoueAypa. H3 3Kcnep!f1MeHTaJ1bHoro Ha-

6opa ~ 243 C06b1Tif!~ ueHTpaJ1bHb1X COYAapeH"'~ RAep HeOHa 

C RAPaM"' cepe6pa if! 6poMa 6biJ1"1 OT06paHbl CJ1y4a!f1 b B KOTOPbiX 

Mif!H!f1MaJ1b Hbl~ yron BbiJ1eTa s -4aCTif!Ubl npeBblwan 7 , - 19 co-

6b1Tifl~. AnR Ka>KAoro "13 Hif!X paCC4if!Tb1Banacb aepORTHOCTb "'X 

cny4a~Horo noRaneH"'R no ¢opMyne 

W i = [1 - w (8 ~in ) ] N i' /1/ 

( mi n ) rAe W 8i - BepORTHOCTb OTCyTCTB"'fl 4aCT"'U BnJ10Tb AO 

yrna eimm , Ni - 4HCJ10 s -4aCTHU B C06biTHH. 
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O~HO H3 "oco6blX" C06b!THH. 

PHc.2. YrnoBoe pacnpe~ene-

HHe s-qacT~ ~H Bcex 

~eHTpanbHb~ CTOnKHOBeHHH, 

Bb141-1 cneHI-1 e aepOATHOCTI-1 

no /1/ B BI-1Ae npOI-13BeAeH!-1A 

aepOATHOCTeH BbiJleTa Ka>KAOH 

1-13 Ni 48CTI-1~ nOA yrnaMI-1, 
60J1bWI-1M!-1,4eM (}min 

' AJ1A l 
C06b1TI-1H ~eHTp8!1bHbiX CTOJlK-

HOBeHI-1H onpaBA8HO, TaK KaK 

K8>KAYIO 1-13 HI-1X, B Ci-111Y 6onb-

waH MHo>KeCTBeHHOCTI-1 Ni , 
MO>KHO C4!-1T8Tb K!-1HeMaTI-14eCKI-1 
He CBA38HHOH C OCT8!1bHbiMI-1 

90 120 ISO 180 Ni - 1 48CTI-1~8MH. BepoAT-
HOCTb w (fJ .mln ) 

l Bb14!-1CJ1A118Cb 
Ha OCHOBe 3KCnepHMeHT811bHO-



ro pacnpeAeneHHR s-4aCTH~ no yrny e~neTa AnR ecex 243 
~eHTpanbH~X C06~THH /pHC,2/. 3HaHHe W1 n03BOnReT· o~eHHTb 
omHAaeMoe 4Hcno co6~THH, o6ycnoeneHH~x cny4aHHOCTb~ e~-
6opKH: N omHA . = <W1 > 243 = 11.:!:_3, <W1 > - eepORT HOCTb, 
ycpeAHeHHaR no seeM 19 co6~THRM. 

AHanH3 OT06paHHwx 19 co6~THH noKa3an, 4TO AnR 18 H3 
HHX XapaKTepH~ 6onbWHe MHOmeCTBeHHOCTH KaK AnR 4a CTH~ OT 
pa3pyweHHR RApa-MHWeHH, TaK H AnR 4aCTH~, HCn~Ta BWHX 

B3aHMOAeHCTBHe HnH B03HHKWHX B ero npo~ecce, B OAHOM 
cny4ae npH nb = 18 H ng = 28 4HCno s-4aCTH~ oKa3anocb 
paBH~M 7. BepORTHOCTb 3Toro co6~THR - 18,8%. noR BneHHe 
TaKoro co6~THR MOmeT 6~Tb CBR3aHO C TeM, 4TO 6on bWY~. AO­
n~ 3HeprHH yHeCnH 6~CTp~e HeHTpanbH~e 4aCTH~~. C T04KH 
3peHHR nOHCKa Heo6~4H~X RBneHHH TaKoe C06~THe He npeACTae­
nReT HHTepeca, no3TOMY AnR oT6opa 11 oco6~x11 co6~THH 6wn 
npHMeHeH APYrOH KPHTepHH - OT6op no eepORTHOCTH, npH KO­
TOpOM OCTa~TCR BHe nonR 3peHHR CO~THR C 6onbWOH eepORT­
HOCTb~. 

B Ta6n.3 npHBeAeHo 4Hcno 11a6n~AaBWHXCR N Ha6n . H omH­
AaeM~x N omHA. co~THH no TpeM rpynnaM 3aAaHH~x eepoRT­
HOcTeH. 3AeCb me AaH~ cpeAHHe MHOmeCTBeH~OCTH BTOPH~H~X 

4aCTH~, HaHMeHbWHH yron H3 8imin H O~eHKa BepORT HOCTH p 
Ha6n~AeHHR N Ha6n, Ka K cny4aH Horo OTKnOHeHHR OT N O*HA, , 
B nocneAHeM cny4ae npeAnonaranocb, 4TO NHa6n. H N0mHA. 
RBnR~TCR 3neMeHTaMH OAHOH B~60pKH H pacnpeAeneH~ no 3a­
KOHy nyacCOHa co cpeAHHM, paBH~M N OmHA.· H3 Ta6n~3 
BHAHO, 4TO AnR Bcex Tpex rpynn eepORTHOCTeH 4HCnO Ha6n~­
AaBWHXCR CO~THH 6onbwe 4HCna co6~THH, OmHAaeMWX HCXOAft 
H3 cny4aHHoro xapaKTepa HX noReneHHH. BepORTHOCTH P 
He npee~a~T lo-3. 

TaOJJHUa 3 

XapaKTepHCTHKH 11 oco6biX11 coObiTHA 

WI Om in NHa6n. NOliiHA. p <nb > <ng > <ns > 

<10% 5,47° 28 II, I+ 5.10-6 7,8+ 23,4+ 38,9+ 
·I ,6- 0,6- I ,2- I ,8-

<5 5,84° 18 6,2+ 4. 10-5 8, I+ 23,6+ 40,2+ 
I ,0- 0,8- I ,2- 2,2-

<3% 6,58° 10 3,4_! 2. 10-3 8, I+ 23, I_! 38,0+ 
0,7 0, 7- I , I 3,2-

PaccMoTpHM HeKoTop~e xapaKTepHCTHKH "oco6~x11 co6t.ITHH. 
HHOllleCTBeHHOCTH 8 -4aCTH~ -40, OHH ~we MHOmeCTBeHHOCTeH 
AnR ~eHTpanbHWX CTOnKHOBeHHH. 4Hcno 4aCTH~ OT paa pyWeHHR 
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RApa-MI-lweHI-1 I b-1-1 g -4aCTI-1~bl/ npaKTI-14eCKH ocTaeTCR 6ea 
I-13MeHeHI-1R. Ha6n~Aa~TCR KoppenR~I-11-1 no nceBA06blcTpoTe /eM • 
Ta6n.2/. 6onee nOAP06HOe 1-lCCneAOBaHI-le CBOHCTB 110C06b1X11 

C06b1TI-1H Tpe6yeT Cy~eCTBeHHOrO ysenH4eHHR CTaTHCTI-IKH. 
TaKHM o6pa3oM, COBOKynHOCTb paCCMOTpeHHbiX ~aKTOB yKa-

3b1BaeT Ha cy~eCTBOBaHHe 110C06b1X11 C06b1TI-1H B ~eHTpanbHbiX 
saai-1MOAe.:1cTBHRX RAep HeoHa-22 c RAPaMH cepe6pa H 6poMa, 
B KOTOPbiX npH 6onbWOH MHO*eCTBeHHOCTH 6biCTpb1X aapR*eHHbiX 
4aCTH~ /-40/ He Ha6n~AaeTCR BblneT TaKHX 4aCTH~ AO yrnoB 
6-12° OTHOCHTenbHO HanpaBneHi.IR ABH*e_HHR nepBH4HOrO RApa. 

B aaKn~4eHHe aBTOPbl BbiPa*a~T 6naroAapHOCTb 6.A.KynaKo­
sy H H.C.Ca1-1TOBY aa PRA aaMe4aHHH, CAenaHHbiX B npo~ecce 
06CY*AeHHR 3TOH pa6oTbl. 

Jlumepamypa 

1. AHApee sa H.n. 1-1 AP· OHflH, P1-86-8, ,lty6Ha, 1986. 
2. Kaftka T. et al. Phys.Rev., 1977, 16, p.1261. 

PyKonHCb nocTynHna 14 anpenR 1986 roAa. 
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BIMODAL FISSION IN THE SHELL-CORRECTION APPROACH 

V.V.Pashkevich, A.S~ndulescu 

It is shown that in the theoretical description 
of the fission process in the nucleus 264Fm t here 
turn out to be two valleys on the potential-energy 
surface in the region of the scission point. One 
valley corresponds to the compact configuration of 
two nearly spherical fragments; and the other, to 
more separated strongly alongated fragments. Only 
mirror-symmetric shapes were considered. 

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

6HMOAanbHOe AeneHHe B paMKax MeTOAa 
o6ono4e4H0.:1 nonpaBKH 

B.B.ITamxeB~, A.Cs~ynecxy 

IToKasaHo, qTo npu TeopeT~ecKoM onHCaHHH Aeneuua 
aApa 264 Fm B6nusu ToqJI."H paspbiBa HMeiOTCa ABe AOnHHbJ, 
BeA~e K AeneHHIO, 0AHa COOTBeTCTByeT 6nH3KO pacno­
no~eHHbiM noqTu c~p~eCKHM ocKonKaM, Apyraa - 6onee 
YAaneHHbiM APYr OT Apyra BHTHHyTWM OCKonKaM, PaCCMOT­
peHHe orpaHHqeHO sepKanbHO CHMMeTpHqHHMH ~pMaMH, 

Pa6oTa BHOOnHeHa B na6opaTOpHH TeopeTuqeCKOH ~H-
9HKH mum. 

The recently observed bimodal fission' 1', i.e., t wo 
symmetrical modes, one of which has a broad and the 
other a narrow fragment mass distribution, was desc ribed 
by the authors as liquid-drop and shell-fragment-di rec­
ted modes, respectively. Our aim is to show that both 
modes can be described in a unified manner by the Stru­
tinsky shell-correction method12• 3~ We consider the simp­
lest, for the theory, case of the hitherto not observed 
fission of 264Fm, in which the influence of the shell of 
the two magic fragments of l32gn is apparently the 
strongest one. The dramatic manifestation of the r o le 
of the nearly spherical magic fragments has recentl y 
been demonstrated in the strongly asymmetric fission of 
a series of nuclei/4-7/, 

As will be shown later, on the surface of the poten­
tial energy for 264 Fm there exist two valleys leadi ng 
to fission. One of them corresponds to a compact confi-
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·guration with closely located spherical fragments, and 
the other to more separated strongly deformed shapes. For 
simplicity we restrict ourselves to mirror-symmetric 
shapes . Asymmetric variations of the shapes are also of 
great interest because they permit describing, for example, 
two c l ose spherical fragments of different volumes or 
one ne ar spherical and the other strongly deformed frag­
ments 1 4~ They also allow one to estimate the width of 
the f r agment mass distribution. However, the asymmetric 
shapes will be considered elsewhere. 

For the description of the expected shapes of nuclei 
it is important to choose a rather unrestricted parametri­
zation of the nuclear-surface shape. From this point of 
view t he description of the nuclear surface appears to 
be mos t appropriate in the coordinate system, connected 
with Cassinian ovals 18~ Denoting the respective coordi­
nates by(R,x), we present the equation of the curve that 
descr i bes the cut of the surface of an axially-symmetric 
nucleus by the meridional plane in the form 

R • R(x) , -1 <X< 1. (I) 

As a particular c~se, the Cassinian ovals are described 
by the equation 

R = const , (2) 

and a small deviation from the Cassinian ovals can be 
expanded in a series in the Legendre polynomials 

Ro 
R .. - (1 + l a P (x)) , (3) 

c m m m 

where R0 is the radius of a spherical nucleus of the 
same volume and the constant c is chosen to satisfy the 
volume conservation condition during the deformation. 

If the distance between the foci of the Cassinian 
ovals is equal to zero, then (R,x) turn out to be the 
spherical radius and the cosine of the polar angle, res­
pectively . The connection of (R,x) with cylindrical co­
ordinates is given in ref./8/ (see also ref.19/ ). 

The coefficients am are the parameters that specify 
the shape of the nucleus. Another parameter,a, is used 
which is connected with the distance between the foci 
of the Cassinian ovals and specifies the general elon­
gation of the nucleus 18~ 

The method of calculating the potential enerJy sur­
face used here is described in detail in ref. 18. Here 
we only note that the deformation energy, E, is the sum 
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of the two terms, the liquid-drop component, ELD , and the 
shell correction, BE, 

E = ELD +BE. (4) 

The phenomenological expression for ELo from r efst10·111 

was used and the shell component BE was calculated on 
the basis of the single-particle spectrum in a Woods­
Saxon-type potentiai12-14/ which parameters taken from 
ref/15~ However, for qualitative effects discussed here 
the exact values of the parameters are unimportant. 

In the approach used here it is possible to uniformly 
describe the shapes of a nucleus in the fission process 
from the ground state through the scission point, and for 
our purpose it is sufficient to consider only the cross 
section o"f the potential energy surface at a fixed value 
of the parameter a equal to 0. 98 which, in the liquid 
drop approach, corresponds, according to the neck thick­
ness, to the shapes for which scission takes place 1161• 

For the parametrization chosen here the thickness of the 
neck equals zero at a = I for any values of all t he other 

/8/ . . parameters am 
The energies E and ELo (see eq. ( 4)) are depicted in 

fig. I as functions of the hexadecapole deformation a4 . 
The a 2 parameter remains fixed, a2 = 0, because i t s small 
variations are strongly correlated with those of a . 

It is seen that E has two minima . which stand for 
the two fission valleys. The deeper one corresponds to 
near spherical fragments and the shallow one to s t rongly 
deformed fragments. The shape of the nucleus in both 
minima is drawn in fig.2. Accordingly, a larger t otal 
kinetic energy of the fragments is expected to be relea­
sed in the former case and a noticeably lower one in 
the latter. The depth and position of the deep minimum 
remains almost unchanged after taking into accoun t the 
higher deformations am , while minimization with r espect 
to a6 , a

8 
anda

10 
leads to a shift of the position and 

a strong deepen1ng of the shallow minimum (see the open 
points connected by a solid curve in fig.l). The two 
valleys are separated by a 5.6 MeV ridge over the higher 
valley, so that one can speak about a good separa t ion 
of the valleys near the scission point. The stabi l ity 
of both minima against asymmetric variations of t he shape 
was not considered in the present paper. 

Thus, the exist~nce of two well separated valleys 
in the region of the sc;ission point of 264Fm was demon­
strated in a unified apprqach. The shape of the n cleus 
near the bottom of the valley corresponding to a compact 
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configur ation is well approximated by two spherical 
fragment s, which to some extent justifies the model of 
two spherical fragments used, in particular, in ref. 1171. 
for describing that mode of fission. 
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Fig. I . The deformation energy (in MeV) in the li­
quid - drop model, ELD, (dots) and taking into ac­
coun t the shell correction, E, (dashed and solid 
curves) as a function of the hexadecapole deforma­
tien a4 at the fixed deformation a = 0.98. The 
solid curve with open points corresponds to the 
minimum of E with respect to a6 , a 8 and a10 . The 
definition of the parameters is given in the text 
(see. expr.(l)). 
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Fig.2. The nuclear shape in 
the minimum with respect to 
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, a8 anda 10 at a = 0.98 
~ and •• = -o.093 (a) and a 4 • 

. c= 0.1 {b). A half-volume 
sphere_1s shown by dots for 
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FOUR-DI MENSIONAL JETS AS UNIVERSAL CHARACTERISTICS 
OF MULT PLE PARTICLE PRODUCTION 

A.M.Bal d in, B.V.Batiunja, I.M.Gramenitsky, 
V.G.Gri shin, L.A.Didenko, A.A.Kuznetsov, 
Z.V.Met revel i 

A new definition of the jets as clusters in the 
fou r -velocity space has been used to make an inva­
rian t analysis of multiple . particle production pro­
ces ses in pp , pp , 11-p, 11- C , pC and pTa collisions 
at energies from 6 to 205 GeV. It has been observed 
tha t the characteristics of four-dimensional jets 
are universal, i.e., independent of neither the pro­
pert ies, nor the energy of colliding particles for 
P ;:: 22 GeV/c. 

The investigation has been performed at the La­
bora tory of High Energies, JINR. 

4eTMpexMepH~e CTPYH - YHHBepcanbH~e xapaKTepHCTHKH 
MHO~eCTBeHHOrO pO~AeHHR 4aCTH~ 

A.M . BanAHH H AP· 

a OCHOBe HOBOrO onpeAeneHHH CTpyH KaK KnaCTepoB 
B qe TWpeXMepHOM npOCTpaHCTBe CKOpOCTeH npoBeAeH HH­
BapHaHT~H aHanH3 MHO~eCTBeHHb~ npo~eCCOB npH CTOnK­
HOBe HHH pp ,·trp , 11- C, pTa, pC H pp B o6nacTH 3Hep­
rHH OT 6 AO 205 f3B. fioKa3aHO, qTo xapaKTepHCTHKH 
qeTbJpexMepHb~ CTpyH YHHBCpCaiTbHW, T. e. He 3aBHCJTT 
HH OT CBOHCTB CTanKHBa~XCH qaCTH~, HH OT 3HeprHH 
CTon KHOBeHHH AnH Pn86 ;:: 22 f3B/c. 

Pa6oTa BWUOnHeHa B ila6opaTOPHH Bb!COKHX 3HeprHH 
OIDIY. 

The t raditional analysis of the jet behaviour of se­
condary particles with the aid of variables "spherici­
ty", "tr ust" and others deals with relativistic noninva­
riant quantities and the jet characteristics depend not 
only on the frame of reference, but also on the proper­
ties of colliding particles. A new method of describing 
multiple particle production processes, which employs 
only Lor entz invariant quantities, has been suggested 
in paper s 111 devoted to the study of relativistic nuc-

"lear col lisions. 
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The aim of the present paper is to report res lts of 
the analysis of jet production by the new method in va­
rious processes (pp ,rr-p, rr-c, pC, pTa and pp ) i n a wide 
energy range from 6 to 205 GeV. The main result of this 
analysis is the discovery of the fact that the f our-di­
mensional jets are universal. 

In the invariant method of analysing multiple particle 
production, the processes 

1+11-+1+2+3+ ••• (I) 

are considered in a space the points of which are the 
four-velocities Ui = Pi /m 1 or the four-moments P1 of the 
particles divided by their masses m1 • The positive inva­
riant quantities having the meaning of the squared dis­
tances in this space 

(2) 

where i,k =I, II,I,2,3, ••• , are basic variables descri­
bing the relative particle motion. 

The idea of the introduction of the V"ariables b 1'k con­
sists in that in the cross sections of the proces ses (I) 
the following statistical regularity is realized : in de­
finite domains of these variables (see below) the b1k 
distributions monotonously and rather rapidly decrease 
with increasing bik. This fact reflects the quark funda­
mental property - asymptotic freedom, that is, vanishing 
of interactions at small distances or at b1k --+ ... He divide 
the whole set of particles into groups: the firs t group 
comprisesma particles; the second one,m 13 partic l es,and 
consider the case when ba/3 =- (Va - V f3) 2- .... ,here Va is the 
middle point in the group ~ ; Vf3 1 the one in the group {3. 
In other words,(uf Va) - (uj V13) - 1, but (u~ V13 .) -
- (up Va ) - (Va V 13) -:rhe set of rna particles is desc­
ribed in terms of the variables lbai , (uf N 13), ¢ 1 I and 
set of m/3 particles in terms of the variables lbf3 j ,(uf Na)¢j 1. 
Here 

N = a and (3) 

¢ 1 and ¢j are azimuthal angles ,(uf · N f3) and (uf. Na) at 
(Va · V 13 )-. .. transform to the light cone variables xf = 

= ua - ua and xf3 = uf30 - u~ . respectively. 
i.ll • lz h · J • J • l · bl f 1 h ~s1ng t 1s notat1on, 1t 1s poss1 e to ormu a te t e 

correlation depletion principle as a general property of 
the invariant distributions describing multiple particle 
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productio 

a ~ 
Fl ... , bai , (ui · N ~ · ), ".; ba~ , ••• b~j , (uj · Na), •.• II--. 

a ~ ~ --. ~ l ••• , bai , xi , .•• 1 • F l. .. , b ~i , xi ... I. 

ba~--+ "" (4) 

This princ iple is analogous to the correlation depletion 
principle suggested by Bogolubov in statistical physics. 
According to our concepts, the jets are a particular case 
of the fac torization (4). We determine the jet axis as 
a single four-vector V that is extracted from the condi­
tion of minimum of the quantity 

2 
l bk = - l (V - uk ) • 
k k 

(5) 

The summation is performed over the particles belonging 
to a separated group of particles. The quantity (5) is 
minimal f or 

v 
l 
k 

k 
------
y(l Uk)<: 

k 

(6) 

As investigations in the field of relativistic nuclear 
physics show, the transition of hadron interactions to 
the quark-gluon level sets is rather early 121 : for 

bik ~ 5. (7) 

Hence, the jets were expected to be separated already for 
(u1 · V) - (un · V) - 3,5 and the width of the four-dimensional 
jets to be equal to about the same value. 

The study of jet production in soft hadron collisions 
has shown that in these processes it is observed the pro­
duction of two jets, emitted in the forward and backward 
hemispheres in the center-of-mass system, the characte­
ristics of which depend on the type of a fragmenting sys­
tem (quar k or diquark) and the collision energy / 3,41_How­
ever, as is shown below, the difference in the jet cha­
racteris t ics is due to a relativistic noninvariant ap­
proach. I n the present paper the selection of the partic­
les belonging to the jets is made by means of relativis-
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tic invariant variables*> 

. m. 
x~ = m; (ui · N11 ) ~ (0.1 7 0.2 ), where N11 

UII 
=----

(u, . "n ) 
(8) 

or 

. m. . u1 X~ = - 1
- ('\ • N I ) ~ (0.1 -:- 0.2 ), where N

1 
= ..,..--- • 

mu (u1 . un ) 

For the case of nuclear collisions the atomic mass unit 
mo = 931 MeV is substituted for mu. As the criterion of 
the particle selection with respect to Xp and Xt becomes 
more strict,we select such hadron jets that carry away an 
ever-growing fraction of the four-momentum of primary 
hadrons. The hadrons that cannot be attributed to one or 
another jet are in the range xp 2 0. 2 and xt 2 0. 2. They 
make up less than 1% of the secondary particles an their 
origin is due to hard processes. In the range~ ~ 0 .1 and 
xt ~ 0.1 the fraction of such hadrons increases up to 2%. 
Within the accuracy of the experimental data in quesLion, 
good characteristics of the fragmentation region for the 
projectile are xp ~ 0.1 and xt ~ 0.1, and for the target 
are xt ~ 0. I and xp ~ 0. I. 

The present study was performed on the basis of a set 
of experimental data on hadron-hadron and hadron-nuc leus 
collisions of various types in an energy range from 6 to 
205 GeV. Approximately 220 thousand events were anal ysed. 
The data on 40 GeV/c rr- p and rr-c collisions and 22 . 4 GeV/c 
pp collisions were obtained with the aid of a 200 em pro­
pane and a 200 em hydrogen ("Liudmila") bubble cham ers 
irradiated by 11- and p beams at the Serpukhov accele ra­
tor. The data on 10 GeVp(C 3 H8 ) and pTa collisions tvere 
obtained by irradiating the 200 em propane bubble chamber 
with Ta plates inside its working volume at the Synchro­
phasotron. The data on 205 GeV/c pp collisions and .7 
and 12 GeV/c PP collisions were obtained with the a1d of 
a 76 em hydrogen chamber (FNAL) and a 81 em and a 200 em 
hydrogen chambers ~CERN)· The experimental details are 
described in refs. 5- 11 .Data summary tapes containing in­
formation about the kinema~cal parameters of events had 
been used. 

* A more general method of jet separation is to f i nd 
correlated particle groups in the bik space /lJ with corre­
lation radius <bilr. > -1. This is especially important for 
the separation of multi-jet events. 
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Figur e 1 gives the bk distributions of rr- mesons for 
40 GeV/c rr- P and rr- C collisions and 205 GeV/c pp colli­
sions i n the region of fragmentation of targets (p, C) for 
Xt ~ 0.1 and xp~ 0.1 and projectiles(rr-,p)for xp ~ 0.1 
and Xt ~ 0.1. In figure 2 we give the same distributions 
for 22. 4 GeV/c PP collisions and for 40 GeV/c rr-p and rr- C 
collisions in the target fragmentation region at xt:;?: 0.2 
and xp ~ 0.2. 

In or der to obtain the jet characteristics under iden­
tical experimental conditions in various processes iden­
tified protons with P .,;._ 0.8 GeV/c were excluded from the 
consider ation, and the ones with P > 0.8 GeV/c were taken 
to be rr + mesons. In the target fragmentation region, be­
cause of an admixture of nonidentified protons which af­
fect the obtaining of the jet axis, the <bk> values for rr­
mesons can be overestimated by about 10%.' 

It can be seen from the figures tqat in the considered 
energy r ange 22+205 GeV/c the obtained distributions are 
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Table 1 

<bk > values for TT- -mesons 

Plab Fragmentation Type 
<bk > region of collision 

205 GeV/c Xt?_ 0.2 pp 5 .0+0.4 

X ~ 0.2 p 

40 GeV/c X > p- 0.2 TT- p 4.7+0.1 

xt ~ 0. 2 TT- C 4.8+0.1 

40 GeV/c xt:;: 0.2 rr-p 5 .0+0. I 
rr- C 5.o+o.l 

x<;.0.2 p 
rr- C (x > I) 5.7+0.1 
-22.4 GeV/c pp 4.66+0.08 

12 GeV/c xt ~ 0. 2 pp 4.08+0.04 

10 GeV/c X ~ 0.2 p(C3H8)+pTa 2.8+0.1 p 
5.7 GeV/c pp 3 . 67+0.02 

identical and independent of . neither the type of a frag­
menting hadron (If"". p, p, C), nor the energy. Tab:!.e I gives 
the average <bk (rr- )> values for pp, 17-p and 17-c colli­
sions in an energy range 5,7-205 GeV/c. Also they are 
identical for P ?. 22.4 GeV/c. 

These results imply that the fragmentation of quarks 
and diquarks in the btk variables has a universa l cha­
racter and is independent of the energy in contrast to 
the traditional noninvariant approach. From the s ame data 
it follows that the carbon nucleus does not affec t the 
jet formation, which gives evidence of the fact t hat the 
quark hadronization proceeds outside the nucleus 

A noticeable decrease of the < bk(17-) > values at lower 
energies (5.7 and 12 GeV) is likely due to a cons ide­
rable influence of the phase volume boundary and an im­
portant contribution of PP annihilation processes that 
have a multijet character. · 

Of a special interest is the study of cumulat i ve jets, 
that is, the jets produced out of quarks which ar e 
knocked out from the multiquark configurations ar ising 
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in the nuclei. Such events are formally given by 

1 
X = I x i = - }; (Pi · N 1 ) ~ 1 . 

1 m0 1 
(9) 

The summation is performed over all the pions entering 
the jet ( Xti ~ 0.2,xP ~ 0.2). From the data obtained in 
such a way (Table I) it follows that the characteristics 
of the cumulative jets are close to the ones which are 
due to t he fragmentation of ordinary hadrons. 

A simi lar analysis of the bk distributions was also 
made for the strange K~ and A particles from collisions 
of various types. The ilverage < b k (K~ ) > and < bk (A) > va­
lues for"-P•"-c andpp collisions at P= 40 and 22.4 GeV/c 
are pres ented in Table 2. In the considered energy range 
the <bk > values for K~ and A particles, in just the 
same way as for pions, are seen to be independent of 
neither t he type of a fragmenting system ( p , p, ", C ), 
nor the primary collision energy. However, it should be 
emphasized that the average <bk > values for strange par­
ticles ar e smaller than the ones for pions by about a fac­
tor of 37 4, 

In conclusion, we have studied the single-particle 
distribut ions of hadrons (11±, A , K~ ) in jets in the 
four-vel ocity space. A total of 220 thousand events ob­
tained wi th the aid of various detectors and accelerators 
in the i ncident particle momentum range from 6 to 205 GeV/c 

· has been used to show that the four-dimensional jet cha­
racteris t ics have· a universal character. They are inde- + 
pendent of neuther the type of fragmenting particles (11~ 
P , p nuc lei), nor the primary hadron momentum (for P .:?: 

.:?: 22 GeV/ c). The difference between the properties of 
the universal four-dimensional jets and the jets obtained 
by tradi t ional methods has been found to be essential. 
The independence of the jet characteristics of the frag­
menting system properties (especially for nuclear colli­
sions) gi ves evidence that the bk distributions are due 
to the vacuum properties, the QCD particular features at 
large di s tances. The QCD interpretation of these distri­
butions can give new universal parameters of strong inter­
action t heory. 

We are pleased to thank the Collaborations of the 
200 em propane and the 200 em hydrogen ("Liudmila") bubble 
chambers for use of experimental material and useful dis­
cussions. The authors are also grateful to the CERN-Praha, 
Amsterdam-Helsinki-Liverpool-Stockholm and Argonne-Mont­
real-Toronto Collaborations for use of their DST on 5.7 
and 12 GeV/c PP and 205 GeV/c PP collisions. 
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< bk > V;;ilues 

Fragmentation 
region 

X > 0.1 p-

40 GeV/c xt~ 0.1 

xt 2 0,1 

X .$.0,1 p 

22.4 GeV/c xt2: 0.2 

X < 0,2 p-

forK~ mesons 

Type 
of collision 

IT- p 

IT- C 

-11 p 
-11 c 

-pp 

<bk > values for A particles 

Fragmentation Type 
region of collision 

xp;::o.l 11- p 
-xt_sO,I 11 c 

40 GeV/c 
xt;:: 0. I - p 11 

X -:;. 0. I 11 -c 
p 

xt~ 0.2 pp 
22.4 GeV/c X .$ 0, 2 p 

References 
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3KCnEPHMEHTbl no AJ]HTEilbHOMY YAEPJKAHHIO 
3IlEKTPOHHO-HOHHbiX KOilEU 

H.B.Ky3He40B, 3.A.nepenbwTeHH, B.H.Pa3yBaKHH, 
A.n.CyM6aee, B.A.THMOXHH, A.E.4epeMyXHH, r.A. WHpKOB 

IlpOBepeH npHHQHTI pa60Tbl MarHHTHOH CHCTeMbi ¢Jop­
MHPOBaHHa H AffHTenbHoro YAep~aHHa c~aTb~ 3neK­
TPOH~ KOneQ, C03AaHHOH Ha 6a3e npoTOTHna Kon­
neKTHBHOro YCKOpHTena Ta~em~ HOHOB 3neKTpOHHbiMH 
KOnbQaMH. HccneAOBaHO BnHHHHe CHHXpOTpOHHOro H3ny­
'!eHHH /CH/ 3neKTpOHOB Ha AHHaMHKY H3MeHeHH.a PaAHY­
ca ~aTb~ KoneQ. B peanbHb~ ycnoBHax KonneKTHBHo­
ro ycKOPHTena CH npHBOAHT K yBenH'!eHHW BpeMeHH 
YAep~aHHa 3neKTpOHHb~ KoneQ Ha Manb~ PaAHycax C 10 
AO 20 MC. IloKa3aHO, 'ITO pa3Mepbi Ce'!eHHH KOnbQa 
B pe~Me YAep~aHHH OCTaiDTCH HeH3MeHHhlMH. IlpHBeAe­
Hbl pe3ynbTaTbi, yKa3biBaiDIIIHe Ha HaKOMeHHe HOHOB 
B sneKTPOH~ KOnbQax H YCTOH'IHBOe C~eCTBOBaHHe 

3neKTpOHHO-HOHHbiX KOneQ B npOQeCee HX Bbi,!J,epJKHBa­
HHH B TIOTeHQHanbHOH MarHHTHOH HMe B Te'!eHHe - 40 MC. 

Pa6oTa BbiTIOnHeHa B 0TAene HOBb~ MeTOAO B yCKope­
HHH mum. 

Experiments on a Prolonged Confinement 
of Electron-ion Rings 

I.V.Kuznetsov et al. 

The principle of operation of the magne tic sys­
tem for formation and prolonged confineme t of com­
pressed electron rings was tested. The system has 
been created on the base of a prototype of an elec­
~tron ring collective heavy ion accelerator. The 
influence of synchrotron radiation on the dynamics 
of modification of compressed electron rings was 
investigated. Under real conditions of co l lective 
accelerator the synchrotron radiation leads to the 
increase in the electron ring confinement time at 
small radii from 10 to 20 ms. It is shown that the 
ring cross section dimensions in the confi nement 
regime remain constant. The results are pr esented 
which point to the ion accumulation in the elec­
tron rings and to the stable existence of electron-
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ion rin :3s during their 40 ms confinement in the 
po t ential magnetic pit. 

The investigation ha s been performed at the 
Department of New Acceleration Hethods, JIHR. 

3neKTpOH Hble KOI1b4a, <)lopMHpyeMble B aAre3aTope KOilileKTHB­
Horo yCKOp HTeilR 1 1 ~ KpOMe OCHOBHOrO HX npeAHa3Ha4eHHR -
KOilileKTHBHOrO yCKOpeHHR TR~eilWX HOHOB - npeACTaBilR~T HHTe­
pec B Ka4e CTBe MeTOAH4eCKOH 6a3W H AflR MHOrHX APYrHX npH­
IlO~eHHH. Cy~ecray~T npeAflo~eHHR HCnOilb30BaTb 3IleKTpOHHwe 
KOilb4a AilR reHepa41111 YilbTpa~HOileTOBOrO H3IlY4eHHR BWCOKOH 
HHTeHCHBHO CTH 12 ~ nOily4eHHR TR~enwx HOHOB BWCOKOH 3aPRA­
HOCTH 13 ~ p eHTreHOBCKOH cneKTpOCKOnHH MHOr03aPRAHWX HO­
HOB 14 •5 1, H3y4eHHR HOH-HOHHbiX H HOH-aTOMHbiX CTOilKHOBe-
HHH 16 1 . Pea nH3a4HR 6onbWHHCTaa H3 nepe4HCI1eHHbiX npeAflo~e­
HHH B03MO~Ha npH ycnoBHH <)lopMHpoeaHHR nnorHwx 3neKrpoHHbiX 

~ 1 . I . KOI1e4 C ..,a KTOpOM I-10HH3a4HH -e-J T J - nilOTHOCTb TOKa 3I1eK-
TpOHOB, T - epeMR YAep~aHHR K0Ilb4a B C~aTOM COCTORHHH, 
e- 3aPRA 3IleKTpoHa/ annoTb AO 3Ha4eHHH- 1G 23 cM-2. Ha­
H6onee npOCTOH nyTb AOCTH~eHHR Tpe6yeMbiX BbiCOKHX 3Ha4eHHH 
<)laKTOpa HO HH3a4HH 3aKil~4aeTCR B yBei1H4eHHH AflHTeilbHOCTH 
YAep~aHHR 3IlCKTpOHHO-HOHHWX KOI1e4 B cmaTOM COCTORHHH. 
C pocroM a p eMeHH YAepmaHHR noablwaercR H 3<)l<)leKTHBHOCTb Kon­
neKTHBHoro yCKOpeHHR 3a C4eT yBei1H4eHHR 3aPRAHOCTH HOHOB, 
HaKOnileHHbiX B KOilb4e. na3TOMy, HanpHMep, B YCTaHOBKe 
PUSTAREX 17 / nnaHHpoaanocb BWAep~HBaTb c~arwe KOilb4a nepeA 
yCKOpeHHeM B Te4eHHe -10 MC B MarHHTHOM none npo604HOH 
KOH<)l11rypa4~H. B pa6ore 141npHBeAeHa cxeMa aAre3aropa, cne-
4HailbHO ·npe AHa3Ha4eHHoro AilR AflHTeilbHoro YAep~aHHR 3neK­
rpoHHo-HOH HbiX KOI1e4 BnilOTb AO T = 1 C C HCnOI1b30BaHHeM 
nOCTORHHOr O MarHHTa H KpHOreHHOH OTKa4KH KaMepbl. B 18 1 

npeAno~eH c noco6 AilHTenbHoro yAep~aHHR Kone4 e c~aroM co­
CTORHHH, 6a3HPY~HHCR Ha KOHCTPYKTHaHbiX OC06eHHOCTRX Mar­
HHTHOH CHCTeMbl npOTOTHna KOilileKTHBHoro YCKOpHTeflR TRmeilbiX 
HaHoe /nKYn1/ OHSH1 111. 

B HaCTOR~eH pa6oTe npHBeAeHbl pe3yilbTaTbl pean113a411H 3To­
ro npeAI10me HHR Ha nKYTH H HCCileAOBaHHR OCHOBHbiX 3aKOHOMep­
HOCTeH 3BOI1~4HH 3IleKTPOHHbiX KOI1e4 C HHTeHCHBHOCTb~ - 10 12 

3I1eKTpOHOB npH AaBneHHH OCTaT04HOrO ra3a a KaMepe aAre-
3aTopa -10-4 na. HHAYK4HR MarHHTHoro nOilR a MaKCHMyMe 
TOKa nocneAHeH CTyneHH cmaTHR AOCTHrana 8 = 2 T, KOHe4HbiH 
paAHYC c~aTHR Kone4 r = 3,2 CM, 3HeprHR 3IleKTPOHOB Ee = 
= 19,4 M3 B /y = 39/. 

3KBHBaileHTHaR CXeMa <)lopMHpoaaHHR MarHHTHOrO nOilR AflR 
pe~HMa AflHTeilbHoro YAep~aHHR 3neKTpOHHO-HOHHoro KOI1b4a Ha 
KOHe4HOM p aAHYCe cmaTHR 18 1 npHaeAeHa Ha pHC. 1. ~pMHpoaa­
HHe nOilR n pOHCXOAHT CileAY~~HM o6pa30M. npH 3aMb1KaHHH eM­
KOCTH CH Ha KaTyWKH TOK B L 1 H L 2 HapacTaeT no CHHYCOH-
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K1 nP1 

+Un 

Rw Oc~ . 

..... 

Oc~. 
P11c. I. 3KBHBaJJeHTHafl cxeMa MarHHTHOH CHCTeMbi cJKaTHH 

3neKTPOIIHhiX KoneQ: L 1 , L2 - HHAYKTHBHOCTH KaTymeK n o ­

cneAHeH CTyneHH CJKaTHfl; CH- HaKOnHTenhHafl eMKOCTh , 

K1 ,K2- KniO'l:H 3aMbiKaHHH QeneH: ToKa, IIP1 • IIP2 - noHca 

PoroBCKoro, Rw - H3MepHTenhHhiH myHT. 

AanbHOMY 3aKoHy,~ AO BKn~4eH~R KOMMyTaTopa K2 cxeMa npeA­
cTaanReT co6oH o6~4H~H Kone6aTenbH~H KOHTyp. B KaMepe yc­
KOP~TenR B 3TO BpeMR npO~CXOA~T C~aT~e B HapaCTa~eM BO 
apeMeH~ MarH~THOM none 3neKTpOHHOrO KOnb~a AO KOHe4HOrO 
paA~yca. 8 MOMeHT AOCT~~eH~R TOKOM MaKC~ManbHOro 3Ha4eH~R 
BKfl~4aeTCR 3aM~Ka~~~H KOMMyTaTOp K2 ~ TOK B KaTyWKaX Ha-
4~HaeT MeAfleHHO cnaAaTb c nocToRHHOH apeMeH~ r = L/ R, rAe 
R - CYMMapHoe aKT~aHoe conpoT~BneH~e, L - cyMMapHaR ~ HAYK­
T~BHOCTb ~en~ TOKa. C TaKOH ~e nOCTORHHOH BpeMeH~ npo~ c­
XOA~T yMeHbWeH~e ~HAYK4~~ MarH~THOro nonR B KaMepe aA r e3a­
Topa.Ben~4~Ha T, B~4~CneHHaR no ~3MepeHH~M 3Ha4eH~RM co­
npOT~BfleH~R KaTyweK Rk= 0,042 OM~ ~HAYKT~BHOCT~ KaTyweK 
Lk = 2,3 MrH, cocTaBnReT = 55 Me. TaK~M o6pa3oM, o6ecne4~­
aaeTCR B03MO~HOCTb Afl~TenbHoro YAep~aH~R 3neKTpoHH~x o­
ne4 Ha nnaTo MeAfleHHO cnaAa~ero MarH~THoro nonR. 

PHc.2. OcQHnnorpaMMa TO Ka 

B KaTymKax nocneAHeH: cTy ne­

HH CJKaTHfl B peJKHMe YAepJKa­

HHfl. Pa3BepTKa - 20 MC/A en. 
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Ha p~c.2 np~BeAeHa T~n~4HaR oc~~nnorpaMMa TOKa e KaTyw­
Kax nocneAHe~ cTyneH~ cmaT~R, nony4eHHaR e peanbH~X ycno­
B~RX pa6oT~ MarH~THO~ c~cTeM~ Afl~TenbHoro YAepmaH~R. Bpe­
MeHHaR aae~c~MOCTb TOKa Ha oc~~nnorpaMMe xopowo on~c~ea-

- t lr 
eTCR a a KOHOM I = Io e YcpeAHeHHOe 3Ha4eH~e xapaKTep-
Horo epeMeH~ cnaAa ToKa /~ MarH~THoro nonR/, onpeAeneHHoe 
Ha OCHOBe HeCKOnbK~X ~~KnOB BKn~4eH~R, COCTaBflReT T = 
=35,5 ± 1 MC. 

B Me AneHHO cnaAa~eM eo epeMeH~ MarH~THOM none yeen~-
4eH~e paA~yca cmaT~X KOfle~ B 3Ha4~TenbHO~ Mepe KOMneHC~­
pyeTCR ero yMeHbWeH~eM 3a C4eT ~HTeHC~BHOrO C~HXpOTpOHHO­
ro ~3ny4eH~R /CH/ penRT~B~CTCK~X 3neKTpOHOB. 

B 3neKTpOHH~X KOnb~ax nKYTH c y = 39 ~ r = 3,3 CM no­
Tep~ 3Hepr~~ 3neKTpOHOM 3a 1 MC YAepmaH~R Ha KOHe4HOM pa­
A~yce COCTaBnR~T - 3% Ha4anbHO~ 3Hepr~~. np~MepHO Ha Ta­
KY~ me een~4~Hy B CTa~~OHapHOM MarH~THOM none yMeHbWaeT­
CR ~ paA~YC op6~T~ 3neKTpOHa. 

3Kcnep~MeHTanbHO BpeMR HaXOmAeH~R 3neKTpOHHOrO KOnb~a 
Ha ManMX paA~ycax ~3MepRnOCb Ha OCHOBe per~CTpa~~~ C~HXpo­
TpOHHO r o ~3fly4eH~R. AnR 3TOro ~306pameH~e KOnb~a B C~HXpO­
TpOHHOM CBeTe $OKyC~pOBanOCb B nnOCKOCT~ BXOAHOrO OKHa 
¢QTOA~OAa $A-24K /CM.p~c.3/. 0nT~4eCKaR C~CTeMa o6ecne4~­
eana ¢QKyC~p08Ky ~306pameH~R Ce4eH~R KOflb~a np~ ~3MeHeH~~ 

ero paA~yca e npeAenax OT 3 AO 5 CM. nepeA ¢oTOA~OAOM paa­
Me~anac b rop~30HTanbHaR A~a$parMa w~p~Ho~ 4 MM. B 3Kcne­
P~MeHTax nonomeH~e onT~4eCKO~ c~cTeM~ $~KcHpo8anocb, a $A 
BMeCTe C AHa$parMO~ nepeMe~anCR B nnOCKOCTH ¢QKyCHp08KH 
Ce4eHHR KOflb~a.· KamAOMy nonmxeHH~ ¢QTOAHOAa COOT8eTCTBO­
ean onpeAefleHH~~ paAHYC KOnb~a, npH KOTOpOM H306pameH~e 
ero ce4eHHR $oKyCHpo8anocb 4epea ~enb e AHa$parMe Ha $0-
TOAHOAe . ~A pa6oTan B $OTOranbBaHH4eCKOM pemHMe, 6n~3KOM 
K pemHHY reHepaTopa ToKa, ero epeMeHHoe paapeweH~e cocTa8-
nRno - 10 MKC. CHrHafl C Harpy3KH ¢QTOAHOAa nOAa8aflCR He­
nocpeACT8eHHO Ha KaHan BepTHKanbHOro YCHnHTenR OC~Hnno­
rpa$a. 

Ha pHc.4 npH8eAeHa oc~~nnorpaMMa CHrHana c ~A /8epx­
HRR . 4aCTb/ B pemHMe cmaTHR KOnb~a 6e3 AJIHTenbHOrO YAep­
maHHR. Ha pHCYHKa BHAHO, 4TO 8 npo~ecce cmaTHR H paama­
THR KOnb~a 8 H3MeHR~eMCR 80 8peMeHH MarHHTHOM none H30-
6pameH~e ce4eHHR npH onpeAeneHHOM paAHYCe KOnb~a A8amA~ 
¢QKyCHpyeTCR 4epe3 ~eflb AHa$parMW Ha 8XOAHOe OKHO $OTO­
AHOAa. B paccMaTpH8aeMOM 3KcnepHMeHTe ¢oKYCHp08Ka ce4eHHR 
KOnb~a 4epe3 ~enb Ha ~A ocy~eCT8flRflaCb Ha4HHaR C paAHyCa 
r = 3, 4 CM, npH 3TOM 8enH4HHa y H3MeHRnaCb OT 38 npH cma­
THH AO 36,5 npH paamaTHH. 

Ha6n~aeMoe Ha pHc.4 yMeHbWeHHe HHTeHCH8HOCTH CH 80 
8peMeHH o6yCfl08neHO cneAY~HMH $aKTOpaMH, CBR3aHH~MH C H3-
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PHc.3. CxeMa HsMepeHHH CHHXPOTpoHHoro HsnyqeHHH: 
1 - ~OTOAHOA, 2 - AH~parMa, 3 - OllTHqeCKaH CHCTe­
Ma, 4 - ceqeHHH sneKTpoHHoro Konb~a. 

MeHeH~eM 3Hepr~~ 3neKTpoHoe: a/ cnaAOM nonHoH MO~HocT~ CH, 
6/ cMe~eH~eM cneKTpa CH e ~H$paKpacHy~ o6nacTb. 

np~ aHan~3e C~rHana C $QTOA~OAa Heo6XOA~MO Y4~T~BaTb 
KOHe4HY~ o6naCTb Afl~H BOflH cneKTpanbHOH 4YBCTB~Tefl bHOCT~ 

$A-24K. Ero MaKc~MYM 4YBCTB~TenbHOCT~ HaXOA~TCR np~ A g = 

=0, 9 MKM, a w~p~Ha pacnpeAeneH~R Ha nonye~coTe IJ.A =0, 2 MKM. 
B TO me epeMR Afl~Ha BOflH~, COOTBeTCTBy~aR MaKC~ManbHOH 

~HTeHc~BHOCT~ CH, cy~ecTeeHHO aae~c~T oT een~4~H~ y I Am= 
= 1 '8·1 04 r/ y 3 MKM/ ~ np~ A < Am ~HTeHC~BHOCTb CH xapaKTe­
p~ayeTCR pe3K~M cnaAOM. 

Ha6n~AaeM~M Ha p~c.4 ABYM MaKC~MyMaM c~HxpoTpOHHoro ~3-
ny4eH~R B 3aB~C~MOCT~ OT BpeMeH~ COOTBeTCTBY~T: ne pBOMy 
Am1 = 1,1 MKM, BTOpOMy Am

2
= 1,23 MKM. 

Y4eT nepe4~CneHH~X B~We $aKTOpOB np~BOA~T K TOMy, 4TO 
$QpMy c~rHana, ~3MepReMOrO $QTOA~OAOM, MOmHO on~caTb Bblpa­
meH~eM 

PHc.4. Oc~HnnorpaMMa cHrHana 
C ~TOAHOAa /BepXHHH aCTb/ 
H TOKa B KaTymKax B pe~Me 
6es YAep~aHHH. PasBepTKa -
0,5 MC/Aen. 
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PHc.6. "AaTorpa¢" 3JieK­
TpoHHoro KOJlb~a Ha 20-H MC 
yp;epJKaHHR. 

PHc.5. Oc~HJIJiorpaMMa CHrHana 
C cPOTO,D;HOp;a /BepXHHR qaCTb/ 
H TOKa B KaTymKax B peJKHMe 
yp;epJKaHHH. PasaepTKa - I Mc/p;en. 

A 1/ 6 0,32 A 2,4 A 
F - ( ~) · ( 1 + g ) exp (- m 

Ag Am Ag 
) . /1 / 

3aMeTHOe yMeHbWeH~e /Ha 30%/ B Te4eH~e - 0,6 MC sen~4~H~ 
C~rHan~ C ~A BO BTOpOM MaKC~MyMe Ha p~c.4 nonHOCTb~ OfibRC­
HReT B~paJKeH~e /1/. 

Ha p~c.S np~BeAeH~ oc~~nnorpaMM~ TaKa s KaTywKax cTyne­
H~ cJKaT~R ~ c~rHana c ~A. nony4eHH~e s peJK~Me An~TenbHoro 

YAepJKaH~R s TaKa!~! JKe reoMeTp~~ onbiTa, KaK ~ Ha p~c.4 . .Qn~­
TenbHOCTb c~rHana c ~A /p~c.S/ noKa3 blsaeT, 4To s pe>K~Me 
YAepJKaH~R 3neKTpOHHOe KOnb~O HaXOA~TCR Ha Man~X paA~ycax, 
- 3,3+3,7 cM,oKono ceM~ ~n~ 6onee M~nn~ceKYHA. BcneACTB~e 

yMeHbweH~R MO~HOCT~ ~ cMe~eH~R cneKTpa CH s ~H~paKpacHy~ 
o6naCTb c ysen~4eH~eM speMeH~ YAepJKaH~R cneKTpanbHaR 4ys­
CTB~TenbHOCTb ~A-24K He no3BOn~na Ha6n~AaTb 3neKTpOHHOe 
KOnb~O Ha ManbiX paA~ycax np~ speMeHH YAepJKaH~R t ~ 10 MC. 
no3TOMY AnR ~3MepeH~R paA~yca KOnb~a np~ 6onbW~X speMeH· 
H~X ~HTepsanax YAepJKaH~R OHO B~BOA~nOCb ~3 MeA~aHHOII! nnoc­
KOCT~ KaMe pbl s aKc~anbHOM HanpasneH~~ ~ c6paCbiBanocb Ha 
c~~HT~nnR Top. Ha p~c.6 npeACTasneH "asTorpa(jl" KOnb~a - $o­
Torpa~~R c~~HT~nnRTopa np~ c6poce KOnb~a nocne YAepJKaH~R 
s Te4eH~e 20 MC. CpeAH~II! paA~YC KOnb~a, ~3MepeHH~i1 no"as­
Torpa~y11, COCTaBnReT 3,8 CM. B CnaAa~~eM MarH~THOM none 
!3 - t / r = B0 e • 6ea y4eTa noTepb 3Hepr~H 3neKTPOHOB Ha ~3ny-

38 



PHc.7.0c~HnnorpaMMa CHrHanoB c ~Hc­
ceKTopa.Bepx - I MC,HH3 - 8 MC y~ep­
JKaHH.R KOnb~a. 

4eHHe yaenH4eHHe paAHYCa Konb4a c 
3,3 AO 3,8 CM npOH30Wno 6~ 3 a 10 MC . 
0AHaKo B peanbH~X ycnoBH.RX Ha nKYTH 
3a C4eT noTepb 3HeprHH 3neKTpoHa Ha 
CH apeM.R YAepmaHH.R 3neKTpoHHoro KOnb-
4a Ha Man~x paAHYCax /r = 3 , 3 +3,8 CM/ 
yaenH4HnoCb AO 20 MC, TO eCTb CHHXpo­
TpOHHOe H3ny4eHHe cy~eCTBeHHO BnH.ReT 
Ha AHHaMHKY H3MeHeHH.R paAHYCa Konb4a. 

H3MepeHH.R aKCHanbHoro pa3Mepa ce4eHH.R Konb4a a pemHMe 
YAepmaHH.R BblnonHeHbl C noMO~biO AHCCeKTopa no MeTOAHKe, HC­
nonb30BaHHO~ a pa6oTe 19 1. Ha pHc. 7 npHBeAeHbl CHrHanbl c 
AHC CeKTopa, 3aperHCTpHpoBaHH~e Ha nepso~ H BOCbMO~ MHnnH­
ceKyHAe YAepmaHH.R Konb4a. H3 pHCYHKa BHAHO, 4TO a KCHanb­
Hble pa3Mepbl K011b4a B Te4eHHe - 8 MC OCTaiOTC.R HeH 3MeHH~MH. 
AHaMeTp ce4eHH.R KOnb4a cocTaBn.ReT - 0,6 eM. 

HaKOnJleHHe HOHOB OCTaT04Horo ra3a B 3neKTpOHHOM KOnb4e 
HCCneAOBanOCb Ha OCHOBe H3MepeHH.R HHTeHCHBHOCTH TOpMo3HO­
ro H311y4eHH.R /TH/ 3neKTpOHOB Ha HOHaX H aTOMaX OCTaT04HOro 
ra3a 110 1 c noMO~biO y-cneKTpoMeTpa Ha 6a3e ~3Y-82 c o C4HH­
THnn.RTOPOM H3 nonHCTHpona /¢ 40x130 MM/. PerHcTpH py~a.R 
annapaTypa no3son.11na H3Mep.RTb HHTeHCHBHoCTb TH a Henpepb:B­
Ho cneAY~Hx APYr 3a APYrOM HHTepaanax speMeHH tc T p . 06-
~ee apeM.R H3MepeHH.R 3aAaaanocb H3BHe CHrHanaMH 11 CTapT11 

H 11 CTon 11
• HH~pMa4H.R o6 HHTeHCHBHOCTH TH a KamAOM cTpo6e 

a BHAe aHanorosoro cHrHana nocTynana Ha OC4Hnnorpa~. Ha 
OC4HnnorpaMMe /pHc.8/ nOKa3aHO H3MeHeHHe B~XOAa TopM03H~X 
y-KBaHTOB, perHCTpHpyeM~X B CTpo6etcTp = 1 MC, 3a BeCb 
4HKn ~opMHposaHH.R H YAepmaHH.R 3neKTpoHHo-HoHHoro <onb4a. 
BHAHO, 4To so apeMeHHo~ 3aBHCHMoCTH HHTeHCHBHoCTH TH a~­

Ae11.RIOTCR ABe 4aCTH: 1 - TopM03Hoe H3ny4eHHe 3neKTpoHoB 
Ha HoHax H aToMax ocTaTo4Horo ra3a, COAepma~HXC.R a o6beMe 
KOnb4a jt = 0+40 MC/, H 2- H3ny4eHHe, B03HHKaJO~ee npH 
c6poce 3neKTpoHoa Ha cTeHKH KaMep~ npH pa3maTHH Konb4a 
/t > 50 Me/. B nepao~ 4aCTH Ha6nJOAaeTC.R He6onbwoe ysenH-
4eHHe HHTeHCHBHOCTH TH a HHTepsane 0+20 MC. H3Mep.R eMoe 
B CTpo6e 4HCno Ny KBaHTOB nponop4HOHanbHO BenH4HHe 
/n0 +ni/N

8
, rAe n0 ,ni- nnoTHOCTb He~TpanbH~x 4aCTH 4 ocTa­

T04Horo ra3a H HOHOB B KOnb4e, N8 - 4HCno 3neKTpOHOB. npH 
-4 

pa6o4eM aaKyyMe P = 10 na n0 oKa3~aaeTC.R cpaBHHM~M no 
Be11H4HHe C ni npH ycnoBHH He~TpanH3a4HH 3ap.RAa 3ne KTpoH­
HO-HOHHOro KOJ1b4a. 0AHaKo 3aMeTHoe yBenH4eHHe HHT e HCHB­
HOCTH TH B Ha4ane YAepmaHH.R /0+20 MC/, KorAa o6beM Konb-
4a OCTaeTC.R n04TH HeH3MeHH~M, yKa3~BaeT, 4TO B 3TO BpeM.R 
B 3neKTpoHHOM KOJ1~ 4e npoHCXOAHT HaKonneHHe HOHOB. YMeHb-
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PHc. 8. Ocu;HJIJiorpaMr-la 
TOpM03HOrO H3JlyqeHHH 
3JleKTpoHoB. PageepTKa -
20 MC/p;en. 

weH~e ~HTeHc~BHOCT~ TH 
ft = 20+50 MC/ o6yCJ10BJle­
HO ysen~4eH~eM o6beMa 
KOJlb~a s npo~ecce pa3ma­
T~R, a TaKme ~3MeHeH~eM 
cneKTpaJlbHoro ~ yrnoso­

ro pacnpeAeJleH~H TOpM03HbiX Y -KBaHTOB. 
B 3aKn~4eH~e OTMeT~M, 4TO npoBeAeHHble 3Kcnep~MeHTbl no3-

son~n~ B peaJlbHbiX YCJlOB~RX Ha nKYTH ~CCJleAOBaTb OCHOBHble 
MeTOA~4eCK~e sonpocbl AJl~TenbHoro YAepmaH~R 3JleKTpoHHo-~oH­
Hb1X Kone~ Ha MaJlbiX paA~ycax. HccneAoBaHo sn~RH~e CH Ha A~­
HaM~Ky ~3MeHeH~R paA~YCa KOJlb~a. 3Kcnep~MeHTaJlbHO noKa3a­
HO, 4TO a KC~aJlbHble pa3Mepbl Ce4eH~R KOJlb~a B pem~Me AJl~TeJlb­
HOrO YAepmaH~R He yBeJ1~4~Ba~TCR /no KpaHHeH Mepe 3a 7 MC/, 
B 3JleKTpOHHOM KOJlb~e HaKanJl~Ba~TCR ~OHbl ~ pa3pyweH~H 

3JleKTPOHHO-~OHHbiX KOJle~ B Te4eH~e - 40 MC He npo~CXOA~T. 
KOJlb~a MOmHO BbiBOA~Tb ~3 MarH~THOH noTeH~~aJlbHOH RMbl 
s npo~3BOJlbHbiH MOMeHT AJl~TeJlbHoro YAepmaH~R AJlR AaJlbHel1we­
ro ycKope H~R. B np~H~~neJHa flKYTH MOmHo pean~30BaTb ycno­
B~R, np~ KOTOpbiX AeKpeMeHT yMeHbWeH~R paA~yca cmaToro KOJlb­
~a 3a C4e T C~HXpOTpOHHOrO ~3Jly4eH~R 6yAeT CpaBH~MbiM C no­
CTORHHOH cnaAa MarH~THOrO nOJlR ~ B pe3yJlbTaTe, KaK yKa3a­
HO B Ra6oTe / S /, ~OJlb~O 6yAeT YAepm~BaTbCR B cmaTOM COCTOR­

H~~ B Te4eH~e - 40 +60 MC. 

AsTopbl 6naroAapHbl B.n.CapaH~esy 3a BH~MaH~e K pa6oTe, 
B.C.AneKcaHAPOBy, C.H.T~T~HH~Kosy ~ B.H.WanRn~Hy 3a noMO~b 
np~ npoBeAeH~~ 3KCnep~MeHTOB ~ 06pa60TKe pe3yJlbTaTOB. 
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THE NARROW LOW-MASS DIBARYONS 
AND THE POSSIBLE EXISTENCE OF A NEW STABLE BARYON 

V.V.Abaev * , V.P.Koptev*, F.Nichitiu 

The possible existence of a new stable baryon 
R (J = 1/2, I = 3/2, 1025 MeV) and its connection 
with t he narrow low-mass dibaryons are discussed. 
Proposed is an experiment which can put in evidence 
the exi stence of an exotic baryon, R, as well as 
decide the isospin assignment for low-mass dibaryons 
(test f or I= 2 assignment). 

The investigation has been performed at the Labo­
ratory of Nuclear Problems, JINR and the Nuclear 
Physics Institute, Leningrad (Gatchina). 

Y3KHe AH6apHOH~ c HH3KO~ Maceo~ 
H B03MOmHOCTb cy~eCTBOBaHH~ HOBOrO CTa6HnbHOrO 
6apHOHa 

B.B.A6aeB, B.IT.KorrTeB, ~.HHKHTHY 

06cy~aeTCH BOSMO~HOCTb Cy~eCTBOBaHHH HOBoro CTa-
6HnbHOr O 6apHoHa R (J = 1/2, I = 3/2, M = 1025 MsB) 
H ero CBH3b C ysKHMH AH6apHOHaMH C HH3KOH MaCCOH. 
llpeAnar aeTCH 9KCITepHMeHT AnH BhlHCHeHHH B03MO~HOCTH 
cy~eCTBOBaHHH sKsOTHqecKoro 6apHoHa R, a Ta~e AnH 
ycTakoBneHHH H30CITHHa AH6apHOHOB C HH3KOH MaCCOH 
(TeCT Ha HsocrrHH I= 2). 

Pa6oTa BbmOnHeHa B J1a6opaTOPHH HAepHb!X rrpo6neM 
ORHM H MHCTHTyTe nAePHOH ¢H3HKH, J1eHHHrpaA /faTqHHa/. 

In a recent paper/1/ a new mass formula has been pro­
posed for multibaryons, as well as for baryons, which 
seems to be in good agreement with experimental obser­
vations. The model also predicts a new stable baryon 
state (a nucleon-like baryon) R - of mass= 1025 MeV, 
spin J = 1/ 2 but isospin I = 3/2. 

An indir ect indication of the existence of this new 
baryon stat e is provided by the cusp-like structure ob­
served at ys::: 2043 MeV = 2 · M R in the PP .... "+d reacti­
on 111 (the threshold for pp .... RR reaction). As was point 
out in ref . 121 in order to describe the invariant mass 

*Nuclear Physics Institute, Leningrad (Gatchina). 
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spectra - m2p from p4 
He- nppd experiment 131 in the framework 

of the OPE mechanism it is necessary that the off-shell 
11 + d-+ PP amplitude has a structure at its threshold (or 
lower) energy which is not far from the 11d-. RN subthres­
hold branch point. 

Some years ago the possible existence of a new nucleon 
state i~ one unitary multiplet with I (1475) was discussed 
in ref. 4~ The predicted mass of this nucleon sta te was 
in the range between 1100 (or even below the rrN t hreshold) 
and 1390 MeV. 

In the present work we shall discuss some consequences 
of the R existence, its connection with dibaryons and we 
shall propose some experimental tests for obtaini ng ·evi­
dence of this new baryon state as well as decide the iso­
spin assignment for low mass dibaryons. 

First, if such stable state does exist, it has to con­
tribute as a pole in the rrN dispersion relation . Taking 
into account the present uncertainty in the real part of 
the rrN forward scattering amplitude 15•61 we estimate that 
this new pole can give contribution if g!NR <;;, 0.03 g;NN. 
The smallness of the 11NR coupling constant is no t unex­
pected because R cannot be a normal SU(&) state ut rather 
an exotic one (a hybrid, for example). 

Because the R is stable under the strong inter action 
(M R < M N + M17 ) it can have electromagnetic as we ll as 
weak decay modes: R+-. yp , R 0-. yn with possible r - 10"20 s, 
and R-+ Nev with longer lifetimes. 

One consequence of the existence of R is its connec­
tion with low-mass and narrow dibaryon resonances . 

In the last few years there is a surprisingly large 
number of papers which claim to have found narrow diba­
ryon states. Below the N~ threshold these states are 
grouped arouud the following mass values: 1905+5 , 1935~10, 
1965+10, 2015+10 and 2035+10 MeV. -

The "errors" shown above in fact reflect the dimension 
of the mass "island" within which different authors claim 
to have observed the narrow structure in the pp inva­
riant mass. Following A.M.~aldin and A.B.Kaidalov , these 
very narrow dibaryon resonances can be states wi t h I = 2n

1 
decaying into pp or ppy via electromagnetic inter actions · 

The NR threshold is y'S = 1965 MeV and a natura l hypo­
theses is to consider 8 2(1965) and the lower stat es as 
possible NR bound states, i.e., a deuteron like struc­
tures. With such a hypothesis, the I = 2 assignment 111 

for these dibaryons is readily understood. Anothe r conse­
quence of this hypothesis is the stability of the se di­
baryons. At least, the 8 2 (1935) and if it indeed exists 
- 8 2(1905) should be stable under strong interac t ion and 
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so electromagnetic as well as weak decay modes should be 
observed. 

In ref . / 7/ are shown the momentum spectra of y as well 
as the ef f ective mass distribution of ppy from IT- 12 C in­
teractions at PIT = 40 GeV/c. In the y spectrum there are 
two peaks - one at= 25 MeV/c and another asymmetrical 
one at= 70 MeV/c. The PPY mass distribution shows a clear 
peak at M = 1936 MeV. The authors of this ref.17 1 claim 
that the peak observed at= 25 MeV/c in the y spectrum is 
due to the electromagnetic decays 8 2(1936) - -+ PPy ( Ey::: 
=28.8 MeV ) and 8 2 (1965)-+PPY (Ey= 44.5 MeV). The peak 
at 70 MeV / c is clearly due to the ITO decay. 

Here we can reformulate the hypothesis and say that 
82(1965) is indeed a I= 2 dibaryon state but repre­
sents a deuteron-like state of nucleon on R. The other 
dibaryon s tate cart be a 1 = I or I = 2 state, and the 
decay scheme of these dibaryons can be as shown in Fig.l. 

••• ++ + 0 - 0. 

~ = 

ff 
= 
~ 

NR 1'2 (1965) 

' /I -f\' / p 

c : ::o\~ ~ /c==~ Jo1,(2)(1936) 

\ I 

\ _L NN d(1875) 

Fig. I 

The y s pectrum in our hypothesis should show lines at 
Er.t- 30,Ey2 = 60 MeV ,Ey3 = 90 MeV (easily induced in the 
ITO decay line) as well as Ey = 85 MeV from the direct 
Ro -. yN decay. These lines do not contradict the spect­
rum shown in ref / 7 ~ 

Here we also must notice that the deuteron-like hypo­
theses forB2 (1965) fits the "rotational mass forrnu­
la" /8,9'/ M = M0 + M

1
J(J + 1). In ref ! 10 ' on empirical rela­

tion is gi ven between Mo and M1 established for strange 
and non-s t range dibaryons:Mo / M1 = 185.5- 3.8M 1 .Using this 
equation we can find the first two trajectories for the 
narrow low-mass dibaryons including the deuteron as well 

= I J = 2 J = 3 
1875 1931 2015 

(deuteron) 
1905 1965 2048 
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Therefore, the most probable assignment for 8 2 (1965) 
is J = 2, I = 2 and for 82 (1935) J = 2 and I = I or 
I = 2. 

In order to test this hypothesis as well as t he exis­
tence of the new stable baryon state R (1025) we propose 
a simple and efficient experiment, i.e., the study of the 
inclusive rr- production in proton-proton collisions: 
pp--+ rr-+ X. Here X can be pR++ as well as a dibaryon 
resonance with I= 2 (8t++ ). It is necessary to examine 
the momentum spectra of rr- in those regions where the 
phase space distribution for rr- from pp --+ rr-rr+pp is al­
ready zero. For example, at Tp = I GeV, the rr- momentum 
spectra from rr+rr- production (Orr = 0°) is ended at .Prr= 
= 0.5 GeV/c. If R exists, the reaction PP --+ rr- pR ++ will 
extend the phase space available for rr- up to Prr =0.62 GeV/c. 
In Fig.2 shown are the pion momentum spectra for diffe-
rent R production in PP interaction. The calculat ions 
were done in a simple OPE model similar to pp--. rrNN cal­
culations111 1.In Fig.3 shown are,as an example, t he diag­
rams used forpp-rr-pR++ calculations. The coup l ing cons­
tant at the R vertex was taken to be g2 NR = 0.03 g 2 NN gi-
ven as an upper bound from the dispers1on relat ions. 
For the R++ production the maximum cross section in the 
rr- momentum spectrum is= 0.04 /.1 b in the region be tween 
0.5 and 0.6 GeV/c. 

In Fig.4 shown is the energy dependence for t he total 
cross section of pp --+ rr-pR ++reaction. At Tp = I GeV the 
cross sections is a-=. 20 J.Lb. 

In Fig.5 shown is the end of the spectrum for 'lp = 
=I GeV, pp --+ rr- + X at ()" = 0 °. Experimental points are 

111 1 -taken from ref. . The curves show the rr spectrum from 
pp-rr+rr-pp (dashed line), the rr- spectrum from PP-+rr-pR++ 
(dashed-dotted line), their sum (solid line) as well as 
the possible peak due to 8~++ ( 1965) of the I = 2 hy­
pothesis holds (dotted line). The arrow points t o the 
momentum corresponding to the second dibaryon re sonance 
(if I= 2). The peaks of 8 2(1965) and 8 2 (1935) at the 
end of the rr- momentum spectrum should not depend on its 
stability under strong interaction and should exi st only, 
if I = 2. 

The situation is very similar to the inclusive reac­
tion pp- rr+ + X, where the bound up state - the deuteron, 
is seen at the end of the rr+ spectrum as a very narrow 
peak (see Fig.6). 

In order to put in evidence this effect of the spect­
rum extension to Prr= 0.6 GeV/c and eventually the peak 
due to I = 2 dibaryon resonances the experimental error 
must not exceed 0.01 J.Lb, 
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An inter esting consequence of the R existence is the 
non-zero (otherwise very small) cross section for the ele­
mentary double charge exchange reactions rr p-+ rr+ R- , 
rr +n --+ rr-R++ .which can be used for searching for the R. 
Inspecting the lite r a ture 1 131 we can see that no evidence 
exist for a R signal in a double charge exchange reaction 
on differen t nuclei. If R production i s dominated by a one 
pole diagram we can expect that the R production cross 
s ection by pions should be lower by one or two orders of 
magnitude t han the corresponding R production cro s s sec­
tion in nuc l eon-nucleon i n teraction. 

A direc t evidence for R can be obtained from np --+ R- +X 
a t small angl es. (The cross section is drasti cal l y reduced 
when 0 i s i nc r eased). I n an experimen t 113 1 a search was 
made for negat i ve ly char ged stable objects arising from 
590 MeV pr oton be r yl l ium collis ions. No s ignal was found 
for any l ife t ime bigger t han 26 ns. The R could no t be 
seen even if i t ex i sted because , on the one hand, the 
small proton ener gy and the l arge angl e at which nega t i ve 
par t ic l es were looked for resu lt in a very small cross 
section and , on the other hand , owing to the cu t in the 
mass, i . e., the negatively stable part icles we r e assumed 
to have the configuration "-nN ~• ith N ;:: 2. 

Another reaction wh ich can be used in order to put in 
evidence t he existence of such an exotic stab l e bar yon, 
as wel l as the pos sib l e I = 2 dibaryons, i s t he doubl e 
"- production be l ow t he 3" production np --+ "-"- x ~++. 
where X~++ = p R ++ 9r B~++ . The optimum energy for such an 
experiment is T n = 930 MeV. 

A direc t evidence for R state can also be ob t ained in 
"nucleon-nucleon charge exchange": pp-+ nR ++ at l ow energy, 
i.e., up t o one pion p~oduction. Neutron detection or/and 
positron de tection should be an unambiguously indication 
of such an exotic R production. 

I would like to express our gratitude to Prof. 
Yu.A.Shcherbakov, Dr. K.A.Oganessian , Dr.Ya.I.Azimov , 
Dr. I.I.S t rakovski for numerous helpful discussi~ns . 
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