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Analysis of the Production Mechanism of Narrow 
Enhancements in the Effective Mass Spectrum 
(rr+rr-) in the Reaction np-> drr+rr- at a Neutron 
Incident Momentum of Pn = 1.73 GeV/c 

A new anomaly has been observed in the M77+17 -
effect i ve mass spectrum for the reaction np _, drr+rr-
at Pn= 1.73 GeV/c. The peak position is at 0.40 GeV/c 
and its fu 11 width is r ~ 0.03 GeV/c2. None of the 
models studied here describes the bulk of the experimental 
data from this reaction. 

The investigation has been performed at the 
Laboratory of High Energies, and Laboratory of Computing 

Techniques and Automation, JINR. 
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1. INTRODUCTION 

In the last years, nucleon-nucleon interactions with deu
teron production in the final state have been studied in 
several experimental and theoretical works. 

The reaction 

PP-> drr+ (1) 

has been best studied in a broad range of energies. The ef-' 
fective cross section of this reaction takes the form of 
a fastly increasing curve from the production threshold with 
a maximum of 3mb at Pp= 1.3 GeV/c. 

After this there follows a fast drop proportional toP;~ 
Experimental data are described in terms of the OPE model / 5,6 / 
with the initial reaction 

PP-> nprr+ (2) 

followed by the production of deuteron in the final state. 
In this model the maximum of the effective cross section is 
the result of the presence of the first isobar in the reac
tion (2). 

The maximum observed in the spectrum of ( d rr ± ) effective 
masses was also seen in the reaction with deuteron in the 
initial state 17- 91. the so-called d* . 

The so-called ABC effect is directly related to this work 
as well 110- 12( This effect was clearly observed in the mis
sing-mass spectrum of the reactions 

np _, d + (rnrn)o 113 / (3) 

d p _, 3He + (rnrn)0 1 141 
(4) 

dd .... 4He + ( rnm) o 115 ,16 / . 
(5) 

However, in the reactions 
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11N ... N + (1111) 

+ 
PP -+ d +(mm ) 

dp ... t+{mm t 

the ABC effect was not observed. 

(6) 

(7) 

(8 ) 

This fact was the foundation for forma l attribution of 
isospin l=O to the ABC anomaly. 

The experiments 113 -161 were performed at incident mome nta 
per nucleon Po = (172) GeV/c. 

The peak position shifts to the right from 0.30 GeV/c 2 

to 0.36 GeV/c 2 with increasing momentum Po , but the anomaly 
cross section fastly decreases, and around Po = 2 GeV/c 
the process practically disappears. The full width o f the 
anomaly r is about 0.06 GeV/c 2. 

The ABC effect was also studied in the reaction 
np ... d 11 + 11-

(9) 

using the HBC from DESY. The irradiation of the chamber was 
performed with a continuous spectrum of neutrons having mo
menta between 1 and 4 GeV/c. The use of the bubble chamber 
method~cs allows a more detailed analysis of the ABC anomaly 
to be carried out. However, a disadvantage o f this experi
ment is that the neutron energy is unknown. This fact c auses 
difficulties to study the structure of the ( 11+11} -system 
effective mass. It is interesting to note that in a study 
of the reaction 

3 
dp-+ He + (mm) 0 

in one of the missing-mass spectra 1141 at Pd= 3.49 GeV/ c and 
a 3He registration angle of 8=2.8° an insignificant bump was 
observed around a mass of 0.45 GeV/c 2. 

To explain the ABC effect, different theoretical mo
dels118-211 have been proposed. Probably, the OPE and baryon 
exchange models, proceeded by deuteron formation, should be 
considered as the main ones. 

2 . EXPERIMENTAL DATA ANALYSIS 

Previously 122 ·231, we presented experimental data on the 
reaction (9) obtained by irradiation of the 1m HBC with 
a neutron beam. The momentum neutron spread ~ did not 
exceed 3% and the angular one -0.3 mrad. p 

The reaction was selected b y the x2-method with 4c-fit 
followed b y visual p a rticle identification . The expe rimental 
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data were obtained at four neutron momenta : Pn= (1 . 73 ; 2 . 23; 
3.83; 5 . 10) GeV/c. The cross sections of the reaction at 
the corresponding neutron momenta were : 

a = (0.270±0 . 015; 0 . 33±0.02; 0 . 05±0 . 02 ; 0 . 03±0. 02) mb . 

The numbers of events from the reaction (9) at momenta 
Pn= 1 . 73 and 2 . 23 GeV/c were 1447 and 697 , respec t ively. 
Two peaks were observed in the effective mass spectrum M(11+11- ) 
at Pn= 1 . 73 GeV/c. The position· and width of the fir s t peak 
correspond to the ABC effect , the second o n e at M(11+11-)= 
0 . 40 GeV/c 2 with a full width of r $;. 0 . 03 Ge V/c 2 was a n ew 
anomaly . The cross section of the second anomaly was - 20 J1 b . 
To examine the assumption that the process (9 ) proceeds 
through the intermediate reaction 

n p , np 11 + 11- (10) 

with subsequent deutron format i o n, we u sed o u r e xperimental 
data from the reaction (1 0 )1241 u s ing a par t o f the same ma
te r ial. 

Th e n umber of events f r om the r eaction (10) a t Pn = 1.73 
a n d 2 . 23 Ge V/c was equal t o 834 a nd 3585 , re s pectively. The 
cross secti o n of this reactio n was a = (0. 55±0.05 ; 4.05± 0. 2 5) 
4.05±0~25) mb . We sel ected t h e e v e nts of the r e action (10) 
with a n effective mass of M np< 1. 9 5 GeV/c 2.A further de
c r ease of Mn p did not c h ange signi f i cantly the shape of 
t h e experime nta l dis t r ibutio n. This wa y qua litatively cor
responds t o theore t ical cal c ulation1191 of the diagram 

11 
n 

(I) 
) d 

p 

1T 

with a small relative motion between neutron and proton. 
To c h eck the next hypothesis that the process (9) pro

ceeds through the i ntermediate reaction 

np ... pp11 ( 11) 

with subseq uent deutero n production in the reactionpp->d 17+ 
we also used exp erimental data from the reaction (11). 

The number o f e v ents from the r eaction (11 ) at Pn = 1.7 3 
a nd 2 . 23 GeV/c wa s equal to 2675 and 2349 , respectively. 
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The reaction cross section was a= (2.94±0.17;3.20±0.13)mb. 
The effective mass of the two protons was calculated for 
each event. Further experimental data 111 from the reaction 
(1) were used. The dependence was taken into account of the 
reaction (1) cross section on MPP and on the shape of the 
angular distribution in the ems of the two protons. This 
approach qualitatively corresponds to theoretical analysis 
by the diagram 

n-

rr+ (II) 

p d 

neglecting the off-mass-shell of two nucleons. Besides, we 
tried to describe the two-maximum structure in the effective 
mass spectrum M(rr+rr-) at Pn = 1. 73 GeV/c in terms of the 
reggeized double baryon exchange model DBEM. The calculation 
was performed according to the follQwing diagrams: 

:1
-d n --- ---rr n ·-----" 

-- -" 
. 

--·" 

n 

N p 
N 

d 
N N 

--- -·" 
d p ____ ...,. -- --- " 

(III) (IV) (V) 

In-order to write deuteron form factor, the Hulthen wave 
function was used as the basis. After this the deuteron ver
tex was described by "-meson exchange in the semi-relativis
tic model. For checking, we repeated the calculation that 
had been carried out by the authors 1251 to describe the 
experimental data / 13 / from the reaction np ~ d + (mm) 0

• A good 
agreement was observed between the two calculations. 

Experimental data for the reaction np ~ drr+rr- (histo-
grams) and the calculated curves are shown in figs. 1-6. 
The distributions in the c.m.s. are presented for M(rr+rr-) 
effective masses (fig. 1), Mdrr± effective masses (fig. 7), 
rr± -meson momenta P;± (fig. 3), deuteron momenta Pd* 
(fig. 4), cosines of the deuteron and "±-meson angles cosOd 

andcose;±(fig. 5) and cosines of the angles between "-meson 
cos¢* (fig. 6). 
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Fig. 1. Mrr+rr- effective 
mass from the reaction 
np~ctrr+rr- a)Pn=2.23 GeV/c, 
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The upper distributions (a) correspond to the neutron 
momentum Pn = 2.23 GeV/c and the lower ones (b) to Pn = 
=1.73 GeV/c. The solid line corresponds to the phase space 
calculation. The dotted line corresponds to the hypothesis 
of intermediate reaction np ~ pprr- and the dashed one to the 
calculation obtain~d by the baryon exchange model. 

The experimenta~istributions at Pn= 2.23 GeV/c are well 
described by the model which takes into account the inter
mediate reaction np~pprr- . The comparison of the experimental 
M(rr+rr-) distribution with different calculated curves at 
Pn = 1.73 GeV/c shows that DBEM is the closest one to our 
data. 

However, this model does not describe other experimental 
histograms, particularly the angular distributions in the 
c.m.s. The drr± effective mass distributions are qualita
tively described by the model taking into account the inter-

mediate reaction np ~ pprr- . Experimental data from the re
action np~nprr+rr- are presented in figs. 7-9. Here the up
per histograms (a) also correspond to Pn = 2.23 GeV/c and 
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Fig. 4. Deutron momentum 
distributions in the c.m.s. 
of the reaction np-> d11+11-, 

a)Pn= 2.23 GeV/c, b)Pn= 
1.73 GeV/c. 
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the lower ones (b) to Pn= 1.73 GeV/c. The dashed histogram 
corresponds to the cut-distribution for ~~np 1. 95 GeV /c 2. 
Figures 7, 8 and .2_ show respectively the M (11 +11 ), P

11
*± and coso;± 
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distributions in the c.m.s. From fig. 7 it is seen that 
in the M~+rr-) distributions one cannot observe a clear 
structure as in the reaction np ->drr+rr-. 

In addition to this analysis, the modelling has been 
performed using the experimental material from the reaction 
np-> drr+rr- at Pn = 1. 73 GeV/c. 

In the experimental events the deuteron was presented as 
a free neutron and proton with momenta equal to Pd / 2 and 
with the same angles. Further two-dimensional plots were 
constructed of the effective masses (Mprr+ ,M nrr-) and of the 
angle cosines in the Jackson's system for p" + and n" 
combinations ( cose;+ , cose;_ ). In the modelled events 
of the rea<!tion np ... drr +rr - these characteristics were 
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completely coincident with the experimental ones. In this 
approach we failed to describe the two-peak structure in the 
mass spectrum M( rr +rr-) as well. 

3. CONCLUSIONS 

The peak near a mass of 0.40 GeV/c 2 is not observed in 
the reactions np ... d + (mm) 01 131at Pn = 1.88 GeV/c and np ... drr+rr-1171 

at Pn < 1.83 GeV/c. For the first reaction the missing 
mass spectrum is preliminary and can be changed by (10-20) %. 
Moreover, the experimental resolution mass (mm)0 is likely 
to be insufficient to observe the two anomalies. In the se
cond reaction the absence of the anomaly can be explained 
by a wide momentum spectrum of incident neutrons, i.e., the 
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position of the ABC-anomaly is shifted with changing momen
tum Pn . For our data at P 0 = 2.23 GeV/c it is necessary 
to increase the number of events. 

None of the models studied here describes the bulk of 
the experimental data from the reaction np _, drr+rr-. Probably, 
it is necessary to take into account more exotic effects of 
the mechanism of this reaction. 'l'he Mctrr± effective mass 
distribution is described in terms of the model taking ac
count of the intermediate reaction np ... pprr-. 

Thus, a new anomaly has been observed in the M ( rr+ rr-) 

effective mass spectrum for the reaction np ... ctrr +rr- at 
P

0 
= 1.73 GeV/c. The peak position is at 0.40 GeV/c2 and 

its full width is r <. 0.03 GeV /c2. The angular distribution 
in the (rr+rr-) combination c.m.s. around amass of 0.40 GeV/c 2 

is nearly isotropical which formally does not contradict the 
set of quantum numbers I 0 (J) P= o+co ~ . 
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