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In paper 111 we mentioned the class of multiquark resonances 
(the namber of quarks is more than three) with comparatively 
smaller effective masses whose widths have been compared with 
experimental resolution. In following papers / 2,SI dealing with 
six-quark system. a great number of narrow diproton resonances 
have been shown. Paper / 41 made an attempt to systematize them 
in the model of rotating joint oriented strings (RJOSH). 

If a large namber of diproton resonances can be predicted 
on the basis of QCD / 5/• then their widths, which are two orders 
less than those of ordinary hadron resonances, confirm the 
existence of &ome prohibition rules whose nature isn't clear 
yet and they prevent the decay on the strong channel. 

Numerous works published since 1983 on the subject of nar­
row diproton resonances in most cases confirmed the existence 
of such effects / 8 • 7• 8 , 9 . 10 . 11 , 12 . 13 , 14 1 • However, in some expe­
riments similar phenomena have not been observed /16.18,171 • 

In the present paper using a large statistical material, 
we shall show the existence of many narrow diproton resonances 
with high statistical reliability and estimate real widths of 
these resonances. The last question is passed over by the au­
thors of all the works performed on this subject. 

In the first part we shall consider the reaction np-pp"­
at P = 1.25 Gev/c on the example of which we shall discussn 
all the methodical questions. concerning the subject. In the 
second part the total spectra of two protons effective masses 
from the reaction np-pp~ at P = 1.43, 1.72 and 2.23 GeV/cn 
will be considered. 

I. THE np-epprr" REACTION AT P = 1.25 GeV/ c n 

The reaction np-pp"- at this eneq~y as well as at other 
energies has been selected by the ~-method with 4-degrees of 
freedom using the data obtained in an exposure of the 1m HBC 
of the High Energy Laboratory, JINR to monochromatic neutrons 
from the synchrophasotron of the High Energy Laboratory.The 
beam spread of the momenta in all the cases is tiP /P = 3%. n n
Figure 1 presents the 2_· s ribution for the hypotheses of 
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the reaction np-pp17- at Pn = 1,25 GeV/c. The solid line shows 
the theoretical xLdistribution with four degrees of freedom. 
There is a good agreement of theoretical and experimental dis­
tribution. The events with X2 $ 12.5 concern the np-pp,,- reac­

. tion. In such a way, 3611 events of this reaction have been 
selected. 

The problem of background is one of the main problems on 
resonance studies, Figure 2 shows the effective mass distri ­
bution of two protons binned within 2.5 MeV/! intervals. In the 
same figure one can see three background curves: a stroke­
dotted line shows the backgroung obtained by the method of 
"mixing" which is usually used by experimentators and lies 
in the fact that a proton from one event combines with a pro­
ton from another event. The two-proton effective mass calcu­
lated in such a way is put down in the graphic for back-ground 
distribution. However, because of strong peripheral reacti ­

/ 3 1 ons in this case there are lots of configurations where 
protons have close momenta, and angles, and, hence, small ef­
fective masses. X2 for the description of experimental distri ­
bution of such a background curve is equal to 4175 for 60 po­
ints, it shows that the given background does not deal with 
the matter. 

The dotted line presents the background calculated on the 
basis of the model of olle particle exchange/ S / • The exchanges 
by "-mesons, nucleons, and t.-isobars have !Jpen taken into 
account. Non -cohe r en t mixture of 4]% pion and 57% i\-·isobar 
exchange gives the best d i s t r i but ion of e xpe r i rnenta I data. 
Xl! is considerably closer to t he avpragp value e qun l to 60 
(X2 

% 240) for t he e xpe r i rm.. nt description. Hut it is diffi ­
cult to t ak e into account the contribution of till' other diag­
rams, t lu: i ut e r I e rr-uc e hptw('cn t lu-m and so on. n"Hidl'!!, s orne 
c o r r crt i oux in t lu- l'nlculnt i ona of po s s i h lo d i s t.o r t i on s bro­
light by r-xpe r i me n t n l mnt o r i n l (t'.g. losl 01 l'V{'lItH w i t h pro­
ton 11I01lll'IItum 80 M,·V/l' nnd o t he rs ) ~Ihoilid I", nuule • 

TIU' Ihird po na i h le hack~rollnp, in rppn'P!I'lItpd by II Holid 
l i m- modr-l t i ng t uk i ug i ut o Ill'Cpllnt t lu- PKI'l'riIlIl'III111 dintri ­
hn t iPIHI in t lu- Illh.Hyflll'lII (MI':I.~i). III t h i n nu-t hud /I po i nt Irol1l 
t lu- p lo t 1\ v~ 1';.1 ill t IlIh.tlynt"1II (1'1 IIl1d I'll rr: t hv Iwo-prphe- n 

t on moun-nt n ill IIIl" s t n r) ill CIIHulllly run l rout ed w i t h II po l n t 

"II IIIl' plol "I IIU' IIn~II' IWlWl'l'1I II", IW" pro t on s ill t h« l nh , 
llyfilvlII, Aftl'r l'II11'II111ll0llH t hu Iwo-prol"l1 1.lft'l,tivl· 1lI1ltitl In 
p I oil f'd i nt 0 I hi' IlIll'kgnllllHI d i"1 ri hu t I 011 ~.rlll'h l r, nal'l,,~n"IIHI 

d l nt rl bu r lou» phlnillt·d laklllg 11110 r1C'I"HIIII 1111,,11·11 ill!" "Kpl'll 
1111'111111 dl!llrihlllllllill ill t hr- 1011111',111./1. IIl1d ill 1111' II'MI lr nm« 
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system of ~p have been investigated. However, the smallest 
2x ( I I 7 for 60 points), i.e. a background distribution clo­

sest to the experiment is obtained by the MELS method. 
This conclusion is true for the reaction np-pp"- at prima­

ry neutron momenta 1.43, 1.71 and 2.23 GeV/c. 
Later on everywhere a distribution obtained by the MELS is 
used as a background. 

The next question is connected with the shape of the reso­
lution function on masses and, hence, with the shape of the 
resonance curves used for fitting of experimental data and 
for the procedure of definition of the real resonance width. 

The resolution function is determined as usual: 

R(~) = J 1 exp[...(M0 2 / 2",2 ] P (u ) da / JP ( 0' ) da . (I)
 
V2 fTO'
 

where ~M is the difference between the measured experimental 
value of the two-proton effective masses and the value of the 
mass obtained by smearing the measured track parameters, ac­
cordingly to the experimental errors. The errors are supposed 
to have Gauss distributions. a is the experimental error of 
the mass. 

Figure 3 presents the resolution function in the whole ran­
ge of the two-proton masses in the reaction np-pp7l""" at PH '" 
;; 1.25 GeV/c. The resolution function was described by the 
Breit-Wigner eurve (X2 = 72 for 66 points) and by the Gauss 
one (x£ '" 162). 

One can see that the Breit-Wigner shape well describes the 
resolution function. This holds for the description of reso­
lution funet ion for d i ffcrent ranges of the two-proton effec­
t. i vv mlHHH'S IlS wpll. A change of total widths of r e so l.u t ion 
functions in t he r e nc t ion np-Plm- at P n ;; 1.25 GcV/c for VH-

r i ou s rlluges of t wo v p r ot ou c f f ec t i vc masses is shown ill Fig.4. 
Lt is k uown t hn t 1111' I'ollvollltion of the true r c s ou.mc c- cur'­

vv , hnv i nj; till' Bn'il 'Wiglll'r 811111)(', with r os o Iu t i on f uuc t i on 
III~iO h.iv i ru; till' HIIIIlI' Hhllll(' ~',iVI'H .. gil/II ,Ill' Bn·it-Wigill'! ~Ihn' 

II(' 01 1111' ('KII('" 11111'111'111 n'SlllIlIlll'I' vu r vc- wi I h M (1 OIl' ,~ Mo rnal 

.md I~l&l' "rolll ,I r ll " . '1'111111,1111' IiI to I hI' I'XIll'rinH'lIt~1 l'l'llll 
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" ...... <, All the data obtained are summed up in Table I: the first 
~ 80 • ~ column gives the value of resonance masses; the second one, 
~ n ~	 the value of the experimental width obtained by fitting, the 

third one is the real width of the resonance (all the values 
at MeV/c ); the fourth one, the cross section of resonance 
production (the cross section of the reaction np-pp"- at Pn­

mb / 1 
== 1.25 GeV/c is equal to (0.89± 0.15) I). The fifth co­
loumn of the Table shows the number of standard deviations 
from the background; the sixth one, the probability of ac­
cidental overshooting of the given effect. 

The prohability of accidental overshooting is defined by 
in / 19 / t he method devised , where the influence on the effect 

of all points of distrihution in study is taken into consi­
dl'rlltion. 
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values of primary ueu t r on momentum are given in Fig.8. l.n t.e r 
who u dr- t v rrn i u i ng t he r e a l resonance widths lhl' width of r e s o-: 
l ut i on lurut. i on was c n l r-u l a t ed as a mean va l ue from wi dt h s al 
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1'1H'r)l,Y· 

}\II r1'SOllllioll t uuc t i ou s huv« 11 shapl' c l o:«: to t he Un'il 

Wip,lll'r OIIPIl, 110 t lu- p r or-o du r o 01 r e n l wi d t h 1I1'1l'rmilllltioll ill 

1111' HillIIl' 1111 ill p.II"' I, i .1'., I r"lll ". 1~.It' - I"U..OllltiOIl" 

'l'Iu- 1111111 ohlllilll'lI IIr\' HlIl1Iml'lI lip ill "I\hll' II. 'l'lu- marks II ... • 

IIII' HlIlIIl' 1111 ill Tllh II' I. 

CONCI.W; ION:; 

TllI'pll'/1t'1l1 pllpl' I IIUllellll'l1 II ... l·xinll·III· ... 0111 IlIqW 1111111"" 

I ..... of IlilllOW dIIJl","oli II'HOIlIIIII'C'R. A widc-' rtHIHL' 01 mnH'H'" 
(110111 In/h III llllll MI'V/.,II) hilt! hC'l'1I l uve s t ilotnll'c!. Tilt' fttnll,j ­
(11'111 vu l ur- III IIIC' I" 11'1'1 tj ,JlIIIC'I'Vt,d I" rn t he r h l gh , 1'1Ir1lell 

In 

Table II 

MR±~ M rpl<D±~r prR=rp.l<D - r'te" SD 
-5+ 17 ~ 1.51936± 1 2.6 - 1.5 5.2 1ft-10 

2+ 0.5) + 0.51964±1 2.0'10­1.0 - 1.0- 1.0 3.5 
-17 + 0.5 02" 0.5- 1.0 • - 0.2 2.71980:!:1 2.4'10 

0,0 + 2.0 1.1 '10-2 

-2 

9 !: 2.0 3.82047:!:1 

18 + 2.514 + 2.5 , -1.52083:!:2 - 1.5 3.7 1.S·10 
85.B12"3:~:~ 0.0 + 2.0 9.7.102106 !1 

20 + 3.52130 :!:2 . - 2.017.0!3.5 4.2 2,3,10 
-~ 

+50 -3U8 .. 5,016.0- 3.52171 :!: 2 4.1- 0.8 2.2'10 
-I+ 3.0

2237 ~1 0.0 + 3.0 5.818.0- 4.0 9.2'10 
+2.0

2251 !1 18.0-1.5 0.0 +2,0 3.3 8.3 '162 

4 080 .. . 0.0 +4.0 2210±2 1.1'10 

2286 ~2 

1 . - 3.0 

21.0±3.0 to + 3.0 5.3 1.4 ·10 
-l 

1.0 + 3.5 3.1 1.5, 102310 ±2 21.0!3.5 

3.8

J::' 
-l 

_._.o'____._'. .____ ._____ 

larly if the repetition of effects in d i f f e re nr experiments 
is taken into account and if to multiply the correspondin~ pro­
hllh i l i ties of ac c i d e nt a I ove r shoot i ngs (e. g., for t he r e soua n-: 
C'I' with the mns s equal to 19]') P .. PI H' 1'143' 1 72' 229 .. 
r 10-7 a s is !H'l'rL ill 'l'nb l c s I rurd II ;11" the'pi-PHen'l ~mrl(). 

The ro t n l c ou t r i bu t i on 01" such rp~H)lIill\('I'1l to th« np-ppl1­
J"('III'tillll ill 101.: of tlu- I'lwrgl(·s undv r lilndy. Till' rPHonllnC'e 
willthH n r« of nn order of till' « r r o r ill t ho i r du Ij u i t j on , 

ThetH,OIlI' Cllll t h i nk t.hn t WI' 1I1'i11 wilh III'W pllyHicill plu-uu: 
111('11011 t lu- 11lI11IJ'l' or which i~i 1101 ('lc'i11'. 'I'lu- h v po t hu n i » 1'1,1,1­

I i vo 10 t lu- Illct 111111 11IUlIII widlllH 01 IIlIl'h r1'SOIWIH"I'S ('(luld bc' 
c-xp l n i m-d hy 1111' p rudur-t i o u 01 II 111111" w i t h i zo t o p i c- u p i n I .. J 
ill 1111' 1111 I'rllll'd 1111 I' fllll~~' 01 Ihl' I'C'llI"lioll whi.-h Ih"11 11'lIli'II'1I 

lIilll'OW rc'HOIIIIIH'I' Y--I l'II11H II j Oil ill IIIl' 1 wo p r o r nu Ilylll 1'111. i ~l 1101 

(-orrllhllrttlt'II, p r ob nh l v , hy 1111' c'llllC'rinlC'1I1H 1111111'1' Illudy/~OI • 

011 1111' ollll'l' 11111111, II t h I n lIypollll'lIiH i,l r ru« till' qU"Hlion 

,;hlO"lcI Ill' rc'pllu'c'd 10 t lu- 011'4'1 I'IIIIW, 01" 1'1'11' IIIOW I" "Kl'llIill 
/I IIIIK4' 1IIIIIIh('1 III IIl1clI ... ·1101111111·1·/110 I... ill 1111' ,1I11Il'lI with 

,>1110'/ Il.olopi," 111'111. 

II 



Thereby, it is natural to distort the solving of the prob­
lem taking coloured degrees of freedom into consideration. 
It can give many such states and rules of prohibition of their 
decay. 

The authors are grateful to A.B.Kaidanov, L.A.Kondratyuk, 
Yu.E.Pokrovsky, B.Z.Kopeliovich. V.L.Luboshits for useful 
discussions. 
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1111 .Luuo (I.. I (1I1H • 

TpoSIH IO.A, HAp. !l1-88-329 
Y3KHe aanporcaasre pe30HaHCbl B peaKUHH QP ... pp"-

Ilpeneraaneasr pacrrpeneneaaa 3<PcPeKTHBHbIX Macc nayx npo­
TOHOB 83 peaxuaa np ... pp1T- npa Pn = 1,25; 1,43; 1,72 H 
2.23 r3B/e (acero OKOlIO 19 TbIC. e06bITIDi). MaTepHaJI nonysea 
e OAHOMeTpoBoH BOAOPO,ll.HOH KaMepbI JIBS OIUlll. 06nyqeHHOH 
MOHoxpoMaTH'IeCKHMH HeiITpoHaMH (~Pn /Pn "" 3%) OT CHHXpo· 
<p83oTpoHa JIBS, C nOCTaT01lHO BbICOKOH CTaTHCrn'leCKOH nOCTO­
aepaocrsio 06Hapy)l(eHbI 16 nHIlpoTOHHblX pe30HaHCOB e HCTHHHblMH 
wHpHHaMH nopamca 1 M3B/c 2. BKJ1an pe30HaHCOB COCT8BJ1ReT 
orcono 10% npa Ka~OH saepraa.Hccnenoaaa nHaIl830H 34><PeKTHB­
HblX Macc OT 1876 no - 2300 M3B/c 2. Pe30HaHCHbIe 3$t)eKTbl 
cyuiecrayarr BO BceM noM JlHan830He. 

Pa60Ta asmonueaa B JIa60paTopHH BhICOKHX 3HeprHH OHHI1. 

npenplDIT 06"8l1HHeHHoro HHC'I1ITyr. RAepHblX HCCneJlOBIlHHA• .ny6H. 1988 

Troyan Yu.A. et al.	 T>1-HH-J2B 
Narrow Diproton Resonances 
in the Reaction of np , Pp"-

TIll' f'ff('div(' mass distribuuons of two protons from thl' n'll('· 

tion np ,pp"- III P - 1.2f" L·1;J, 1,72 und 2.2:J (;eV/l' (about.n 
1900() even til) are prosen ted. 'I'll,' datil have IW('II obtained III an 
exposure of the l m IIBe of UH' lIil(h f:lII'rgy Lahoratory, .JJN H. 
to	 monochromatic neutrons ( ,\PIl , I'll, ::s 3'7.), Six Wen diproton f('HO· 

nances with till' true width of I MI'V /(''2 lin' found out ullill~ ruther 
high	 statistics. 'l'he ('«(,'clivI-' nUlHH rlll\~" from 1H7H to 2:JOO MI'V/('~. 
has	 been investi6(IlU'd. HA'ROlHUH'1' "ff!'dR IIrt' prt'Hl'llt in tilt' wholt, 

runge. 
The	 investigation hUH h(,t'l\ III'rrOrrntH I lit tlw Laborntory or 

High ";I\('rW('!l, J JNR. 

Pr.prlnt of the Joint In.Ulule for Nucl.ar n.....reh, l>uhn. 1988 
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