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INTRODUCTION 

Interest in dibaryon states has been recently aroused because 
their existence can reflect the quark substructure of nucleons. 
The spectrum of six-1uark states has been predicted, e.g., in 
the MIT bag model / l- I and in the string model/ 4/ . It seems, 
however, that a more classical description of the available ex
perimental data in terms of nucleon-meson physics cannot be re
jected at present. The majority of experimental indications of 
non-strange dibaryon resonances comes from the analysis of nuc
leon-nucleon scattering data for different spin configurations/Sf 
and from y d and 11 d reactions16•7 I . The lowest energy dibaryon 
state which is relatively well established experimentally is the 
state at 2140 - 2170 MeV. The nature of this state is still 
controversial, mainly because of the vicinity of the threshold 
for 6-isobar production. 

However, there are some theoretical indications of the exis
tence of lower-lying states. A dibaryon state near 2040-MeV has 
been predicted, e.g., by Lichtenberg as a diquark-quadriquark 
structure of a six- quark system / a/ and by Mac Gregor at 2060 MeV 
in the rotational model/91. Ferreira and Murguia claim that the 
assumption of the existence of the 3P1 state with a mass of 
2060 MeV significantly improves a theoretical description of rrd 
scattering data in the low energy region /lO/. In this paper we 
have investigated dibaryon excitations in the 4He nucleus. The 
production of two-nucleon states is expected to be more copious 
here than on a deuterium target due to relatively smaller dis
tances between the nucleons. 

The class of interactions involving two nucleons can be some
what enriched by rejecting events with 3He or triton in the fi
nal state. This is due to the fact that the interaction wit'h 
only one nucleon often leaves a recoiling three-nucleon system 
intact. We decided to analyze a 4 He~dppn reaction channel. 
This channel has the above features and also a good experimental 
separation and the lack of pions which permits the experimental 
background to be simply estimated. 

The method used here allows the low effective masses of the 
two nucleons to be analyzed. This region has been covered nei
ther by the experiments with polarization information nor by 
the proton-proton total cross section measured with small steps 
and to a sufficient accuracy for proton laboratory momenta smal
ler than I GeV/c. 
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EXPERIMENT 

The experiment has been performed using the I m hydrogen 

bubble chamber exposed to an external beam of 8.6 GeV/ c Q -par

t icles at the Dubna proton synchrotron . Films were scanned for 

all topologies. About 44 thousand events (normalization of 

3.5 ~b/events) were measured and r econstructed in three dimen

sions using the CERN HYDRA Application Libr ary. Some other re

sults of the experiment have been published elsewher e/ l l.12 / , 


The results presented are based on the statisti cs of 3234 
events giving a fit to the 4Hep __ dppn reac tion with a x2 proba
bility greater than 5% and consistent with the estimated ioniza
tiort on the t racks. In 2867 events the identification of the 
reaction was unique. To avoid t he admixture of nonfitted 4Hep__ 
-- dPPoITo r eaction, only events with missing mass sma l ler than 
1.2 GeV/ c were accepted . 

A high percentage of unambiguously identified events is due 

to the kinematical configuration of the experiment with the 

incident alpha beam lI l / . 


RESULTS 

The two- nucleon effective mass distribution fo r t he 4Hep _ 
~dppn reaction is shown in fig. 1 for events with t he proton 
(neutron) being t he fastest part ic l e ~n the helium res t system. 
The diagr ams corresponding to t hese two classes of reac tions , 
fur ther r eferred to as "direct " ( 2346 ev. ) and IIcharge exchange" 
( 888 ev . ) reactions channl es, are shown in fig. 2 a and b, res
pectively. The mass of the t wo slowest nucleons in t ,he he l ium 
rest frame has been calculated because it i s natural to associ 
ate t he fastest nucleon to the upper vertices of the di a grams. 

The pn effective mass in t he di r ect reaction has an exponen
tially decreasing shape . A fit with an exponential f unction 
leads to a 60% confidence level. The two-proton effective mass 
distribution does not ~xhibit the same behaviour. In this case 
the best description has been obtained by fitting the admixture 
of an exponential background and two Breit-Wigner functions with 
positions M) = 2035+15 MeV, M2= 2137+15 MeV and widths r j = 
= 30+23 MeV ad r~ ~ 59+20 MeV (see the curve in fig. I) . In 
this- fit t he slope of the experimental background is found dif
ferent from that in the direct channel. This can be connected 
with the fact that the rb/ dt distributions are different for t he 
pn~np reaction and nucleon-nucleon forward elastic scattering. 
The relation of the dU/dM and du/dt distributions in elementary 
nucleon-nuc l eon scattering arises in a natural way if we assume 
tha t the background processes main l y proceed via the double scat 
tering on t wo nucleons, and the deuteron acts as a spectator . 
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Fig . I . Effect i ve mass distributi 
ons of the two slowest nucleons in 
the helium rest frame f or direct 
reaction channel (upper histogram) 
and charge exchange channel (lower 
histogram). Dashed lines are the 
prediction in the frame of the 
mul t iple scatter i ng model (see 
text) . 

Fig. 2. Diagrams r epresen t ing "di
, rect" and II charge exchange" chan

nels of the 4He __ dppn reaction.>
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The validity of this model is confirmed by the fact that the 
deuteron momentum distribution observed in our data is specta
tor-like . Moreover, the slope of the four-momentum transfer 
distribution for 4Hep _ dppn is rat her close to the value predic
ted i n the multiple scattering model for the double scattering 
t erm. This means that it is equal to one half the slope in the 
elementary nucleon-nucleon scattering (for large enough t to 
neglec t final state interactions). 

We have us ed the expression obtained by Bertocchi and Brada
mante et al ( 14,1 5/ for the proton-deuteron double scattering 
amplitude as a function of relative momentum k =- (k 1 - k2)/2. 
Having in mind that the two-nucleon effective mass squared is 
appr oximately equal to 

M2 (It _ . )2 4 2 
1 k2 + m. ( 1 ) 

we have fo und that 
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ab :l 	 on t he momentum of t he l owest nucleon in the deute r on syst em 
~~-M 

dO" 4{ a+ b) 	 was applied . 
- - - e 	 (2)
d M 	 We have t he r e for e s e l ected a simi l ar sample fo r the 4Hep ~ dPpn 

r eaction by choosing events where both prot on momenta are large
where a i s t he pa r amet er o f the he l i um single nuc leon density t han 300 MeV/c in t he 4He r es t frame. The shape of the corres
in 	momentum space 

2 ponding mass distribut ion c losely repeats the shape of the en
'I' ( q ):Ae - aq 

( 3) chancements . ~ 

b 	 i s the slope of t he nucleon-nuc l eon scatteri ng cros s s ec t i on 
t aken in the form 

da C e - bl ( 4) dt 

I f a is much l arger than b, the fall of t he do/dM di s t r ibution 
depends essentia l l y on t he value of parame t er 

d o b 2 - Mexp (- - M ). 	 ( 5)
dM 4 

Extrapolat i ng t he ava liable exper i mental data on nucleon
nucl eon scattering t o a momen t um of 2 . 15 GeV/c , the b va l ue has 
been f ound t o be approximatel, 5 .4 GeV -2 for nuc l eon-nucleon 
fo rward ela s t i c scattering /16 and '¥}proximately 3.5 GeV - 2 fo r 
t he pn ~npcharge exchange pr ocess / 1 "/. This difference i n t he b 
values expl ains t he di f ference i n slopes of the background dis
tri bu t i ons . The dot t ed l ines in fi g . I are calcu l ated a ccord i ng 
to f o rmu l a ( 5) . 

We do not c lai m that t he proposed mechanism f or t he back
gr ound process i s t he on ly possible , e.g., the s ingle sca t t ering 
t erm lead s t o a s t eeper du/dM dependence . 

We have anal yzed t he decay angular dis t ribution i n the t wo
proton centre of mass frame. The shape of t he angular d i s t ribu
ti on observed in the experiment doe s not cont radict the reso
nance int erpretation of the effect. 

The question can ar ise why the bumps are seen in the charge 
exchange channel only. There are at leas t two possible r easons 
f or easier detection of a signal in the prot on- proton configu
r at i on than i n the neutron- proton one : (i) The number of possib
le resonance sta tes is obviously smaller i n t he pure isospin pp 
state, (ii) The background of the quasi-elementary change ex
change channe l i s several times smaller than the background of 
the more frequent direct reaction so a similar signal can be un
seen there. 

CONCLUSION 

I n the two- pro t on i nvari ant mass i n t he ~e p_ dppn reac tion 
t he struc t ure has been observed, which cannot be explained i n 
the frame of the simple multipl e scattering model . The observed 
enchancements can be i nte rpre t ed as a result o f t he pr oduction 
of dibaryon s t a t es wi t h posi t i ons and widths M} = 2035~ 1 5 , f'l = 
= 30+23, r2 = 2 137+1 5, M2 = 59+20 MeV. The excess over the back 
ground is 3 . 0+1 . 3 a nd 3 . 2+1 . 3 standa r d deviat ions , respec t i vel y. 

Ther e ar e theor e t i cal Indica tions concer ni ng both s tructures, 
but onl y t he second One ha s been observed in several exp er i ment s. 
The pos i tion be l ow produ ction threshold and a rather small width 
seen in our experiment may be re garded as an argument in f avour 
of the six-quark state in t erpr etati on. 
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rnar~. B.B. 11 AP· , 
Boa~ AMiePMOHHWe COCTORHMR BO B3aMMQABMCTBMRX RABP He 
C OPOTOioiMIM 

E1-83-59 

. 4H C ~ IIOAOPQAHQA OYIWPioKOBoM KaMepw 11CCneAOBani1Cio e-p B8a11MQABMCT-
.11R ~ ~n~oce neA~x a-4acT114 8,6 ~38/c. Hcnon~oao~aH11e ny4Ka ycKopeH
Hwx ~·~ BOIMO*HOCTio OPOBBCTI1 nonHW11 KI1HBMaTI14BCK~11 aHanl18 peaK4MM C 
OAHoft· .,..,PIUI .. HoM 48CTM4BM. noAPo6HO 113y4eHa peaK411R He- dppn • BwAeneHw 
co6wT~; nepeaap~KI1, KOTOPWB xapaKTBPI13YOTCR Hani1411BM 6wcTporo HBMTPOHa B 
CI1CTeMe noKOR 'He • 8 3TI1X Co6WTI1RX B pacnpeAeneH1111 no ~KTI1BHWM MaCC8M 
ABYX BPOTOHOB Ha6noAeHw MaKCHMYMw np11 2035+15 11 2137+15 H38. TaK KaK ABMTPOH 
B P88ICI&MH 4 Hep .. dppn 11MBBT cneKTaTopHwe xapaKTepMCTHKI1' ~HOBWe KP11BWe pac
C411TaHW · · npeAOQno*BH1111 ABYKPaTHOrO pacceRH11R Ha HYKnoH8X 

Pa5oTa awnonHeHa a na6opaToPH11 awcoKHX 3HeprHM OMRH. 

C~eHHe D~eAHHeHHOro HHCTHTYTa AAePHWX HCCneAOBBHHM. AY6Ha 1983 

Slagolev V.V. et al. 
Possible Dibaryon States Produced in 4He - Proton 
Interactions 

E1-83-59 

4He-p interactions have been investigated at an incident a-particle mo
mentum of 8.6 GeV/c by a hydrogen bubble chamber. The use of a beam of acce
lerated nuclei makes it possible to carry out a total kinematical analysis 
of reactions involving one neutral particle. The reaction 4Hep .. dppn is 
studied in detail. Charge exchange events having a fast neutron in the 4He 
rest system are selected. In these events for the effective mass distribu
tions of two protons maxima are observed at 2035+15 r~v and 2137+15 MeV. 
As the deuteron in the reaction 4Hep .. dppn has spectator proper~ies, the 
background curves are calculated on the assumption of double scattering 
on 4He nucleons. 

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