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Abstract 

The low-.,ergy reg/on o f the H' -momentum epectra 111 $.8° In the lab. syatem 
haa been measured In ( p + d) -collialons at the proton energy of610 \leV. We have not 

got the confl tm11 tlon of the resonance Interaction between two pions In the at11tea with 

the /eotoplc spin Tmr = 1 and the total energy from 21$ up to 400 \feV In the center · 
meea o f the "" ayslem. It h•• been found that the ctosiJ section lot the two pion pro­
duc tion In the stale wi th Tmr =O"Is Sreater by an otdet of • magnitude than that with 

Tmr = 0, up to the total energy of 400 \feV In the c.m.e. of two pions. 

Introduction 

Recently the existence of the resonance , rr -interaction in the states with the Isotopic spin T,, = 1 has 

begun widely dlscussed/l,2/. Possible parameters of this resonance depend both upon the electromagnetic 

properties of a nucleon/3/, and on the nature of the strong interaction between nucleons/4,5/, In order to in­

vestigate such a resonance directly, some authors/6,7/ suggested the processes in the final state of which 

two pions are emitted. For instance, in order to observe the "" resonance with the isotopic spin r,, = 1 the 
authors /7/ suggested the study of t!-te energy spectra of deuterons and !le4 nuclei tn the reactions 

p + p -+d+tl + rr 0 

,+ +:l e
4 

-+Jle4 
+ rr+ +rr0 

,+ +d-+d+rr+ +rr0 

(1) 

The idea of such experiments is as follows. It is well-known, that the resonance Interaction between any 

two particles In the final state gives rise to a strong deformatio"n in the spectrum of the third particle. There­

fore, It the observed spectrum of heavy particles in reactions (I) Is compared with the phase-space volume 

element, then a possible anomaly of the result will prove the existence of the resonance. l3esldes, it allows 

to determine 1ts general parameters. 

Such a method of investigation was employed ln/9/, the authors of which measured the momentum spectra 

of Tie' and 'le' nuclei emitted In ( p + c1) -collisions. In this case the following reactions are possible: 

!le' + , o (28) 

.'le' + ,o + ,0 (2b) 
p +d-+ 

lle' .. , + +- ,- (2c) 

lie' .. "'0 (2d) 



p +d • I 
!13 

I "~ 

'1
3 

+rr+ ~ rr
0 

J + rr + w 

(3a) 

(3b) 

(3c) 

where <u i:; o hypothetical particle wlth a :nass intermediate between those of a rr -n.escn and a !< -meson. 

The , 10ll.entum spectra of ll e 3 nuclei were measured at the proton enerqy of 743, 6%, 618 an:! 624 ~·.1eV . 

The spectra obtaine::i were caT.pared with the statistically independent distribution. The authors of/9/ did not 

succeed in flttinq this rli!;tribution with the observed spectra at either of the energies in:.licated. The spectra 

measured hoi a narrow peak which corresn~"~rHie:l either to the total enerqy of the two pions, or to the r.tass 

of a hypo'hetical w0 -particle equal to ( 3101 10 ) \leV. 

The nornentu·n spectru'11 of JI' nuclei at the proton energy of 743 ~-1eV had not been measured with o suf­

r"icieni accuracy. However, on the :no:nentum spectru'll of T13 nuclei given in /9/ one can observe besides the 

peak , corresponding to the '110:-:~entu:n of 1.55 3eV/c, fro:n reaction (3a) also some increase of the yield of 

'1 3 nuclei with the onomentum 1.4 '3eV/c. 

·\II these results of the experi ·nents/9/ were treated as an indication that these two pions have the reso­

nance interaction in the state with Trrrr= 1. However, this conclusion of the authors/9/ needs a further expe­

rimental check, inasr:Juch as the total energy of two pions at which this anomaly was observed is In essential 

contradiction ·..vlth the resonance energy predicted theoretically/3/. 

The aim of our experlrr.ents was to investigate the momentum spectrum of ll ' nuclei more precisely. This 

spec !ru vt i s very i'11portant since in this case the system consisting of rr+- and rr 0 -mesons may be In the state 

v;ith the isotopic spin r"" - 1 only. In the experi'11ents perfor ·ned the region of the moonentum spectra of ll' 

nuclei which is a.!jocent to the !ow-energy branch of reaction (3a) has been measured at the proton energy of 

670 '.leV. The re'lion of the !r.o:nentu'Tl spectrum of JI 3 nuclei from 840 \leV/cup to 1100 ~v1eV /c corresponds 

to thl' •ot•tl ener•JY of two pions in their c.m.s. fro:n 275 up to .tOO '.leV, respectively. (F'ig. 1). 

Experimental Conditions 

'\ 1enewl experi'llentol scher.te [!; shown in Fig. 2. The external proton bea :n with an intensity of about 

; 0 11 sec·' Wfl>3 focuse:i by T.aqnetic ·~uadrupole lenses ot !he gaseous deuterium or hydrogen target filled up 

lc ' ell' p:es;1U:e o f 3 at .. 1. Secon•lary chor')e i particles qenerated in the gaseous target were selected by a col­

I h 1tor pt. J~ei at 5.8° •o thE> proton hem:~ axis. '\fter the -ieflec tion in !he analysing :nag net at the angle of 2~ 

• :1e part ideo!; w:t h a d0fir.H0 Pf!0ct ive ··1o: ·1l'ntu:1 passed throu')h the collimator in the shielding concrete 
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' wl'l!l and were detected by a telescope consisting of seven scintillation counters . 11 nuclei were selected 

by :he time of flight, by the range and by the ionization losses in four scintillation counters. This made it 

possible to select reliably the particles with high ionization against the high level of the backqroun-1 of out­

side particles with lower lonizatlon/101. 

The pulses from counters '14' were fed to tile coincidence circuit with the resolving tl:ne of about 6 nsec, 

the pulses from the first counter were delayed for a time necessary for 11' nuclei to cover the distance of 3.2n 

between these counters. One of the counters '11' selecting by the magnitude of the Ionization was placed in 

front of the f!rs:t counter which selected the particles by the time of flight , i.e., at a large distance from the 

rest counters 'll'. This was done in order to decrel!se the background from the stars which the particles 

having Sr'!'laller ionization than r1' nuclei formed inside the counters and the absorber. 

In Fig.3 the counting characteristics of the telescope are plotted against the thickness of the slowing 

down filter /1/, the discriminator threshold /II! and the voltage of one of the counters which selected the par­

ticles by the time of flight !III/. A. similar characteristic has been also obtained of the voltage-<iependence 

at another counter. 

Results of Measurements and Their Discussion 

Fig. 4 shows the results of the measurements of the momentum spectrum of !1 3 nuclei. The abscissa axis 

is the current of the deflecting magnet In the relative units, the ordinate axis Is the counting difference from 

the deuterium and hydrogen target filled up to the same pressure. The background of the hydrogen target was 

20-30% of the maximum counting rate of ll' nuclei in reaction (3a). Arrow N1 indicates the minimum value of 

the current corresponding to the lower limit of the spectrum of H' nuclei. Arrow N2 indicates the value 

of the current corresponding to the energy of two pions in their own c .m.s. equal to 310 MeV and to the mo­

mentum of 11 3 nuclei equal to 875 lvleV/c. 

The statistical analysis of the results of measurements shows that the yield of H 3 nuclei with the momen· 

tu'!l 875 MeV /cat 5.8° in the lab. system does not exceed 6% of that in reaction (3a) at the same angle with 

the confidence of 90%. 

The absolute cross section for reaction (3a) has been measured by comparing it with the known cross seo­

tion for the reaction p + p .. d+"+/111. Calculated In the c.m.s. and reffered to the angle of rr+ -meson emis­

sion the cross section for reaction (3a) Is 

0 

(3 + = 12 ) = (9. 1 t0.5) J0·30cm' /• t•r•d. " . (4) 
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The cross section for ~cactions (3b), (3c) reffere:l either to the angle between the velocity vector of the mass­

syste;: of :he li.Jht po~ti::les and the beam axis, or to the angle of (I) -pa~tlcle emission Is 

w!th ~:1e co:1!i ien::-" of :n;;. 

du ( ~ ~ 12°) ' 0.2 1(]' 30c·n 1 •t•r•d• 
d~! 

(J) 

~s is seen fror:1 F'iq. 1, obvious ano·nalies in the spectru::1 of .'13 nuclei are not observed in the range of 

the total energies of light ;:articlE's in their c.'':l ,s. from 275 :,leV up to 400 \ 1eV. 

The cross section ror rea::-tion (2a) ( !='lg. 5) hos been crlso :neasure:i for the hi•Jh-energy branch of '!::s 

reaction. It has be-en foun·l that i n the :::.rr .. s . 

_d~ ( '\o"' J5l) = ( 0.29S t 0.032) 10"3 ltm 2 • l •t•d. 
d<l 

(6) 

J . 
·~si:ies, the yield o f 1/Jj nuclei tro:n reactions (2h, 2c) rios been -r.easureri ror three va!ues of the :"",o:nen~a !n 

the> reqion :1,,iocen• !o the hi >Jh-ene~rly bmnch of reaction (2a). The results of these measure -::ents plotted in 

F'in. 5 silo·:; tlut 'he cro:;s se,~t:cn fer reac!~ons (2b) (2c ) can he co•r.pared by a r'lognitude with that for reac-

tlon (2o). 

'!/edi-i not succf.'eJ in ;:aking direct r.1easure:nents In the region of the spectrum of Tl3 nuclei which Is 

ao:l jacent to the hloh~nt'"'lY branch of reactio~. (3a) hf>rouse of ~he lar1e backqroun I an:l high level of the coun-

ling rates :lue !o ' hf.' pr: ·or.: elastic ;Jly .,c,~'!cre I on jeuter i um. 

''Jhen s'r'k •r.·; a• the correspondinq currents the colli ator in the shieldi ng concrete wall t!I!'CU•Jh the rle{­

le=ting :naqnet, the protons produce secondary particles on the internal walls of this colllr.lator. These secor;­

dNies rr.ay he detected by a telescope tuned to !13 nuclei with little hut a noticeable probability. 

Yet, 'Ne :r:ake an attempt to compare quantitatively our results with the duta of pape/9(With this aim the 

angular distrihutiom. o f reactions (3a) and (3c) have been calculated in the Impulse approximation like tt was 

~one in pc~n/12, :3/ for reaction (3a) , ln the calculotions the wave function of Hulthen was useJ for a 

deuteron, ar. l fo~ t!.~> ' ;i' .u' nucleus -the wave function of an exponental for:n 

I /..;;; r 1 I '11
1 .V, cxp -a, \ '1/ 11 • (7) 

where ·; , .. ; -r is t:1e ·li::iqnce between the nucleons ' I' and 'J' . The parameter a, is found from the ener· 
IJ I I 

qy of the ~ou lo":lb lnter't-'' icn in a !!eJ nucleus, wh!cll is 771 KeV. The radius of the repulsive cor~ of the 

nucleon wm; assu·nei !o be 7No. 

Just i n the "a:nc :;anncr the anqubr -iepPndencc o! .'{' r. 1dc! e:t.ission in :P.a.:tlons (3b) (3c) has been 
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=olcula•e i . A. ~ the s~r.:e !::r.e we assu:r.ed ~ hat :h~ p:ocess occu:s 11 •we sh"I'Jes : !::st, ' wo 17 -~.eson~ cr a 

w • -po: tJcle are p~oduce1 !n the reocUons 

p+p I (~) 

and, then a neutron and a deuteron fo::r. a .7' neucleus. The calcull"'tlon has been :'lade under two extreme as-

sur1pt!ons about the angular distribution of deuterons In reactions (8): a) isotropic and b) -cos 1 9. The no~­

malization factor was determined from a possible relationship between reactions (3a) and (3b) which, accord­

ing to the estimate of /9/ is 1.9 : I in the lab. system and depends weakly on the prot~n energy. 

Under these two extreme assumptions the angular distributions calculated for reactions (3c), (3b) are 

only little dlfferent at the angles close to 0°and 180° in the c.m.s. This allows to estimate rather definitely 

an expectation value of the cross section for reactions (3b), (3c) In its low-energy branch for the angle of 5. go 

in the lab. system. The yield of !r' nuclei calculated by such a method, ( In Fig. 4 it Is shown by a dotted 

line), exceeds approximately by an order of a magnitude the upper limit of the cross section for rea ctlons (3b); 

(3c) measured In the course of this investigation. 

Thus, the results we have obtained and the given estimates of possible angular distributions ot react ion 

(3c) Indicate that the 1717 -resonance interaction In the state with the Isotopic spin ~17 ~ 1 and the total ener
1

y 

of 310 !.tev Is absent. 

As far as at present there are quite definite indications to the absence of the vector meson with T:o/ 16/ 

and the mass of 3()(}-400 MeV, then it is also unlikely to account for the anomalies in reaction (2d) by assum­

Ing the existence of such a meson. 

A possible explanation of the non-monotony observed in the spectrum of lie .' nucletl9!rnay be threshold 

effects/1 7, 18/ in reactions (2b), (2c) which are due to the endothermic process 

(9) 

As the analysis of the threshold effects by the method of dispersion relations1191 shows the energy non-:noncto­
nles in the reactions involving three particles in the final states :nay extend far enough fro-n the threshold of 

the correspondlnq endothermic process. 

The authors express their gratitude to L.I. Lapidus for the Interest In the investi'Jotions onri dlscuss:ons, 

as ·.veil as to '3. \1. Pon~ecorvo for fruitful remarks. 

.. 
•\ ,-.o .. Aitdl (t) ()r ~Surh an lnt Prpr Ptatlon haa hef'n polntt'!d out h) L.I. L&ptd u ~ . 
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Conclusions 

1. The results obtained In these experiments do not confirm the existence of the rr rr resonance in the states 

with the isotopic spin rmr •1 for the interval of the total enerqy in the c.m.s. of two mesons from 275 up to 

400 MeV. They allow also to conclude that there exists no c.> particle with the Isotopic spin r-t and the 

mass of 310 MeV. 
, + , 

2. The comparison of the cross sections for the reactions p+d ... H +rr +rro and p+d ... He +rr+rr shows 

that the cross section for the two p!oM production in the state with the isotopic spin rmr • 0 exceeds ap­

proximately by an order of a maqnitude that with tw• I up to the total enerqy of two pion equal tp 400 MeV 

( c.m.s. ). 

Such a ratio between the cross sections is likely to chanqe at hiqher enerqies. \'/hat the data on the pro­

cess rr N ... " " N, obtained at enerqi~s of pions of 500 MeV, point to 1201, 

3. An alternative explanation of the anomalies in the spectrum of .'le 1 nuclei emitted in the reactions 

p+ d ... ne 1 + ,0 +17° p+ d ... Tle1 +~r++,- should be looked for in the threshold effects due to the endo-

thermic process ,o +rr0 +~r+ +,- . 
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K!ne:r:atlc characteristics of the reactions p + d .. .'1' +" 1 and p + d .. 'I J + w + 

at the proton energies of 670 :.leV. 

I. The abscissa axis Is the -:~omentu:n of II Jnuclel emitted at 5.8 ° In the la L. 

s ystem. The ordinate axis Is the total energy of light particles produced In the 

reac tions p + d• ll'+ rr ' , p + d .. H3 + r.l , p + d-+ !l' + rr++ rr 0 In their 

own c .m.s. 

II. Curve I (or 3) shows the relationship between the anqle of the e:!lltted 

Tl nuclei In ~he lab. s ystem and the angle for the reaction p t d • If J t rr + 

( or p + d .. ll ' t w + ) in the c.:n.s . Curve 2 (or 4)- the k!ne:natic coefficie nt 

fr 
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of the :rans!!ion fro:-'1 the cross sect!on in the c .m.s . to those In the Jab. s ystem 

for the react:on p + d ~ IP+ rr t (or p + d • If J+ w t ) lependinq upon the anqle 

of :1J nuclei e:nb;lon in the c. :~ .• s . 
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ExpetintMtal aet·u p 

1. - deflection pieces 

2. - external proton beam 

3. - maqnetlc quadrupole lenses 

4. - qaseous tarqet 

S. - lead shlldinq 

6. -monitor 

7. - the trajectory of secondary charqed particles 

a. - deflectlnQ electromaqnet 

9. - focusinq shimms 

10. -concrete shieldinq 

11. - telescope consistlnQ of five scintillation counters 

12. - shle1dlnQ wall 

13. - vacuu~ pipe 

14. - scintillation counters se1ectinq by the ti:ne of fllqht 

\ 
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l ei from the reactions p + d ... llfl' 4 rr •· rr • t;rrow N 2 indicates the value of the 

currE>nt corresponding to the total energy of the two pions in their c . ":l.s. 

equal to 310 ~1eV. 
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tlon ( or - cos 1'l ) of deuterons in ·he ;e-:ctlons p + p ·• d ~ 6Jo. and 

p ~ p • d ~ ,+ + ,o. The :iliferen:!al cross sections for the rooct lon p + d • i lJ + rr 1 
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