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During the diffraction disso ciation of the meson on the nu cleus 
as a whole , a boson 3~ system is produced wi th a certain probu bi­
lity, whil e the nucleus remains in the ground state, i.e•• one huB a 
coherent process. To investigate the pro ces s one needs the experimen­
tal conditions which ensure mainly registration of the interactions 
in which the nucleus remains in the ground state. A u sual sys tem pro­
viding those conditions has anticoincidence counters around the tar­
get to exclude registration of events with nuclear excitation or 
nuclear break up. In this case the contribution of incoherent i n ter­
actions is suppressed to a great extent and a more accurate sta tistic­
al separa tion of the cross sections dcl/dt' (t' is the 4-momentum 
transfer to the nucleus at the gi ven produced mass of the 3~ system) 
for coherent and incoherent processes by the form of the diffra ction 
peak is possible. 

For small 4-Dlomentum transfers the incoherent-to-coherent even t 
ratio is small (e . g.,for the 3i nucleus at t'C( 0,002 (GeV/c)2 this 
ratio is ~ 1: 15), but it becomes much larger in the diffraction mi­

nimum region. To study the mechanism of the diffraction pr oduction 
of resonances, however, a separate analysis of coher ent and incohe­
rent events is necessary. This brings about a problem of t heir effec­
tive separation . The problem can be solved with the "live" target 
method 11/ which a llows one to measure the energy of the recoil nuc­

leus '7A =2!... ,where m", is the atomic wei ght of the tar get 
nucleus, t i s the 4-momentum transfer to the nucleus. Since for 
small t the kinetic energy of the nucleus is s mal l ( 0,1.1 Me V), 
there are no experimental methods of ~A measurements f or Q wide 
aet of targets . 

The experiment with a "live" Si target was carried out at the 
facility MIS J I NR using the 40 GeV beam of the l HEP a ccelerator /2/. 
A target of 10 silicon detectors 20.5 mm in diameter, 200 ~m in 

thickness was used in the experiment . 
This paper deals with the partial wave analysis of coherent 

events selected according to the energy release in the detector-target. 



Experimenta l du t a were obtained in the joint experiment curried out 
by the Institute of Physics (Mi lan ) and JINR (Dubna ) /2.3/. 220 000 

eventlJ of the process 7l-+ 3i -1t++ 'J'{- + ~+ Si were obtained using 
t he deteotor-target. The same cri teri a were employed for sele ction 
of the events for ann l ysio no in pr evious papers / 2. 3/, i .e.,three­
pi on eventa were se lect ed by t he kinelllllti cs pr obability , the value 
of the miss ing lo~i t udina l moment um, the vertex coordinate. etc. 
13esides, it was required that t he event should satisfy t h e hypothesis 
on the intera ct ion in one of 10 pl ates. 46 000 three-pion events 
wer e ana l ysed. 

The events were sepurated "ccoruing to t he types of interactioIlB 
in the t arget ond in Cl(j tter 1n fron t of ond behind the targe t by the 
procedure described in Hef. 14./. 

We as s ume t hat the inc oherent bockground conoists lID inly of in­
teractions on quasi-f r ee nucl oono. 'J 'horetorc in t hi s approach the 
incoherent backgr ound wua describe\! by only twe hypotheses: interac­
tions ei ther on t. he neutron or all tho proton. Thus it Was cons idered 
tha t un even t belollgo to ono of the following groups: 

"n " - in teraction in Lhe target on t he neutron ; 
"p" - interaction in the t arge t on t be proton ; 

"Si" - interaction in the t urge t on the Si nucleus (coherent 

int eraotion) ; 
"21" - i n teraction :l.n front of the target, three pions pass 

through the target; 
"32" - int eroct;l.on behi nd t he target ; 
"33" - int eraction in f ront of the target, two pioIlB pass 

thr ough the tor s e t. 

All bypotheses were checked for each event. To cons truct like­
lihood f unc tions L for t he hypotheses, e priori probabilities 
Vi ( i = 1, ••• ,6 ) of ·tho!lc 6l'DUpS of processes were t aken int D account. 

For ex ample, the likelihoo d f unc t ion for the interaction on the 
neutron in the k-tll tllr8et deteot or has t he f orm: 

K - 1 ' (0 '

ci = ~ n Ii: H; n ~,
K. 1 [:." j",I(+ 1 

where H" H2, Ii) are tho probabilities of the given energy re lease 
in the detect or from one, two, three relativistic particles,respec­
t1vely. 

The 	 ~ priori probabilities depend on the nucl ear kinetic energy 
t her efore the whole r ange of momentum ; ransfer variation was'rk1n , 


divi ded int o 8 intervala(aee t he Tabl e.) . The a pri ori probabilities 

were considered c onstant within each int erval and were de t e rmined 

by the method of sequential approximations. All the ~ pri ori pro­

bubll! Lleo were taken equa l to one in the zero approxima tion, unCi 
f or the 1 t o,r-a 1;j olla t o f ollow 

C!.1 Nt' 
Vi::: Nt-ot 

J or :Lntorue tiunll in t he tar~e t, and 
tVL' 

Vi N t-ot' 
lor ln l l)) 'I I<' ~j onu out :3ide the t a rget, where Ni is the number of events 
of lla, 1):1 v...n g;' OlljJ in the 4-momentum transfer inter val under inveDti­

1(11 Lin" tU ) " 
6 

Nioi = L ~" 
{=o1 

:Jolu li ons 0 btt'lined for the ~ priori proba bili ties a s func tions of the 
!tOl"u t ion number for several 4-momentum transfer intervals are shown 
!n 1"1g. 1. In the first interval the energy of the recoil nucleus is 
of Llle order of the detector resolution, therefore the ~ priori pro­
bll u1lities in that interval were determined by extrapolation from 
t he intervals with larger 4-momentum transfer. The type of interac­
tion was determined if the ratio of the maximum value of the like li-
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Table 

N 
LO- No Tkin( MeV ) Tkin (MeV) ti (GeV/ c ) 2 

=~" '·::' ·~: " .••""rb OO ' I. • s, 1 
I 1. o - 0.025 0.015 0.00052 

looa If 2 • 0. 025-0.05 0.037 0.00162 
• 3. 0.05-0.1 0.074 0. 00354 

~oo J \ , 4. 0.1-0.15 0.124 0.00625 
I 
~8 ,:0 {2 ~ 5. 0.15-0.2 0.174 0.009 

6. 0.2-0. 3 0. 245 0. 0129 
7. 0.3-0.4 0.346 0. 01 85 
8. 0.4-0.5 0 .444 0.0238 

Fig. 5. Intensities of , +SO+ and 0- ::;0+ 
waves for coherent ( Si ) and a sum of 
coherent and incoherent (Si + n ,p).n 

Mos l ""' ) events . 

hood functi on t o the closes t one for the tes ted hypotheses was over 

t wo. 


Dist r i bu ti ons of coherent and incoherent events over the 4-mo­
mentum transfer t' (t' q t-tmin wh er e tmin is the minimal momentum 
transf er f or the given produced mess) are given in Pig . 2. The slDpe 
of diffra ction peak in the t' di s tribution is 138z7 (GeV/c)-2 , and 
the slope of the incoherent crDSS section is ~8 (GeV/ c)-2. The ob­
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served drop of the distributi on at small t' for incDherent events is 
in agreement wi th theory, i.e •• the cross section f or the incoherent 
interact ion tends to zero at t' _ O. 

Fig. 3 shows distributions of coherent e vents over the effective 
)2 2mass of three pions M3~ for t' < 0.035 (GeV/c • t ' > 0. 035 (G eV/c) 

and the dis t r i but i on of inc oher en t even ts for t '> 0.035 (GeV/c )2 . In 
the spectra of ef f ective mass es of tw D pions (Fig. 4) t hep -meson 
contribu t ion dominates in coherent events bDt h at l arge and small t'. 

The mass spe ctrum of the three-pion system i :1 lm own t o hDve a 
complica t ed s t~~c ture / 5-7/. To determine the contribut ion of s t a tes 
with different spin and parit y, we ma de a partia l wave unal ysis em­
ploying the programme of the Illinois University used in our eur lier 
papers / 2,3/. The coherent events were anal ys ed in each 40-Me V in­
t erva l of the 3~ effecti ve mass s pectrum fDr t ' < 0.04 (GeV/c) 2 with 
the same set of waves us in Ref s. / 2, 3/. Di pion 0+ was described by 

the elast i c phase of the ~-+1r- scattering , and di pi ons ' - and 2+ _ 
by l' and t mesons r es pectively. 

In Fig. 5 one can see intensities of the waves 1+50+ and 0-::;0+ 
for the Si target wi t h and without separation of c oherent events. Dis ­
tributions of t he basic wave 1+S0+ intensity are pra ctical l y identi ­
cal for both t y pes of interacti ons. As tD the wove O-JO+, it has a 
wider peak in the region Df small masses and a narrower peak at l arge 
masses for coherent events if compared with the case without sepa r a­
tion. The sensit i vity of the wa ve 0-8 to the sele ction of events i n­
dicated at somewhat different forma of O-S distribution in diffra c­
tion on the nucleon and on the nucleus. Fi g. 6 sh ows the behaviour 
Df phases of the waves O-S and ,+3 wi th r es pect to each o ther and to 
the wave O- PO+ fo r coheren t events. The i n t ensity of the wa ve O-PO+ 
for /J31r > 1. 6 Ge V is s mall, therefore the data Dn phases in this 
reg i Dn are not gi ven. 

The behavi our of the ,+3 (P~) wave intensity and vari a t i on Df 
its phose with r espec t to the O- P wave in t he 0.8-1.4 (GeV/c)2 mass 
region are a direct i ndication of the r esonance properties of t he 
1+S wave (A, meson). A s i gnifican t var ia t i on of t he r el a tive phase 
O-S/O-P i n the (0 .8-1 .4 ) Ge V/c2 mass region, cons t ancy of the phas e 
of this wave wi t h r es pect t o t he resonance wave 1+S in the sowe mess 
region as well as t he s hape of the maos spectrum indica te a t t he r e­
sonance in the 0-3 wave in the system (T"1t- )S+1l- with quantum IlUJll­

bers of the pi on ('1[ ' r es Dnance / 2 ,3/). In t he (1.4-2) GeV/c2 mass 
regi on there i s a s ec ond peak, as is s e en fr om t he ma s s s pec t rum of 
the O- S wave (Fig. 5). Variation of the rela t ive phase 0- 3/ ' +S in 

this mass r egion is ,... 1200
• This res onanC9 (1L" r esQIlf.!.llce) is pro­
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bably narrower as compared 	vrlth the re­
51 ,'<O.04(~' sults of the analysis without separa­

& 0- 5;\'5 tion of coherent events 12 ,)/. 

-::~ III Thus the results of the wave analy­
~:~g:l I I sis of t he separated coherent events 
' Illf , II I' III confirm our result 131 concerning the'6et. I '1 '1 '" III 14" I I' I
tlrf I 	 observa tion of radial excited s tates of 

the 7<- mes on ( '][' and -:rr.(1 resonanc ­

es) , 
Distributions of other waves are gi­

i~~j 1-!~~~} 1, !II 
:~ II 

ven only for separated coherent events~~ I 
o· "s/o-P I 	 without comparison with incoherent ones,I-,t!'. I I ,I ·4rf· 	 because the intensities of the waveslll 

- 60':' ,dd
-7rf· 

-llIfi' l 	 PI g. 6. Behaviour of relative pbases
{),8':-'-r-,~.O -'. 1 'A-1 b~t8 . 2,'0 ~~

of O- S. 1 +3. o+p "aves for coherent 
M,.. ,G" , events at t' 4, 0.04 (GeV/c )2. 
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Fig. 7. Intensity of 2-S0+ wuve Fig. 8. Intensity of 1+DO+ wave 
and relative phase of 2-3 and and relative phase of '+D and 
, +S waves. ,+s waves. 
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are much lower and tbe difference does not exceed the errors. Fig. 7 
illustrates the distribution of the 2-30+ wave intensity and phase 
with respect to the ,+30+ wave. A resonance behaviour of the ,+SO+ 

wave phase can be seen in the A,-mes'on r egion ('.25 GeV ) ; it ia re ­
placed by tbe resonance behavi our of the 2-30+ wa ve phase in the A)­
meson region ( 1. 65 Ge V). The distribution in Pig. 8 sbows the first 

/8/ •radial excitati on of t he A,-mes on Ai ('.7 GeV) in the ,+UO+ wave
Fig. 9. shows int ensi ty d.i s tributions of P waves ( O- PO+, 1+1'0+, 
2-PO+). A common peculis r ity of t hose distributions i B interesting: 
the intensi ty de creases at 1.25 GeV for 01>, at 1. 3 GeY for '+P, 
at 1.7 GeV for 2-P, which i s due to probabl y a destruct ive i nterferen­
ce of resonances wi t b the c oherent background. 'l!he behaviour of the 
S wave phases also indicates at a strong interference of the back­
ground with resonances: the phase variation is less than 1800 for 
all res onances. 

It should be noted in conclusion that the use of s il i c on detec ­
tors as a "live " target and the developed technique of data process­
ing allowed us to separate events of the meson diffra ction on Si 

Fig. 9. Intensities of '+PO+, O-PO+, 
2-PO+ waves in coherent events ot 
t' < 0.04 (GeY/c)2.:~~ 

nuclei with a significant suppression0,8 \0 1,2 \L 1,6 1.8 2,0 

2001 a-po M,.IGo'1 of the incoherent background. The "live" 
target method is especially imp ortant ,oo~ for investigations of coherent process­

2000~ es in the region of the 2nd di f f raction 

~ _.1-1 maximum. Dependences of intensi ties and 
behaviour of relative phases ob ta ined

:b- in this paper for the separ a t ed cohe­

peak in the intenSity of the X ( 1 .77 ) observed. 

0,8 1.0 1.2 1.' 1,6 1,8 1.0 
M,.I~ I rent events show cl ear er tbe resonance 

proper ties of the states O- S ( 3[1 and:7[((~ 

' +S ( A,), l+D( A1) which we found earlier 
witbout separa tion of events. For ins­

tance, a larger chanee in the phase behaviour in S wa ves and a narrow­
'er 	 resonance are 

BeSides, the t ' distribution has a larger slope for di ffraction oone 
2 -2

1)8~7 (GeV!c)- • as compared with the value ' 05~5 (GeV/c) obtained 
by tbe statistical separation of t he coherent cross section. 

Tbe authors Bre grateful to A.A.Tyapkin. G.Bellini and M. Dico­
rato for useful discussions of the results presented in this paper. 
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BeHb~ r. ~ AP. EI -85- 498 
~c cneAoBaH~e KorepeHTHo~ Heynpyro~ A~$paK~~~ a--Me30Ha C HMnynbcoM 40 r3B/c 
Ha RApe KpeMH~R c ~cnonb 30B aH~ eM M ~weH~-AeTeK Topa 

np~ ~3y4eH~~ npo~ecca AH~pa K~HoHHO~ AHc cOu~aU~H a--Me 30H08 B 3a- CHCTe­
My nPH HMnynbce nY4Ka 40 r 3B/ c Ha yCTaHOBKe M~ C OHRH npOBeAeHO pa3AeneHHe 
pea KUHi:' Kore pe HT Horo 101 HBKorepeHTHoro Tlm a Ha OCHOBe ~3MepeHHR 3HBprOBblAC­
ne H~R B K peMH~eeo~ MHorocnO~HO~ M~weH Io1- Ae TeK Tope. AnR 8b1Aene HHblX Korepe HT­
Hbi X C05b1T Io1 ~ n pOBeA~H n~ p~Hanb HO-80nfiOBoH aHanH3. 3aSHCHMOCTb HHTeHCHBHOCT eH 
H OTH OC HTc nbHblX ~a3 llap~HanbHblX BonH OT MaCCbI 3a- CHCTeMbi nOATBcp~Aa~T nony­
4e HHblC rtaM~ paHee A" HHbI" 0 Ha5noOAB HHH pe30HilHCHbiX COCTORHH.... 8 BnnHax O- S (a ', 
a") . 1.1S{A \).2-S (A,l H L' !J (A'\l. ,oaHtlWe, fllJnY 4CHHble B HaCTORllle~ pa50Te. CB I1Ae­

TenbCTB~T 0 TOH, 4TO AH~CpeHuHanbHOe CB4eHHe HeKOrCpCHTHOrO pO~AeHHR 3a­
-CHC TeMbi CTpeMHTC~ K a npH t'. O. 

Pa60TB BbinonHe Ha B fia50paTo pHH RAepHblX npo6neM OHH~ 

npenpKHT O~beAKHeHHOro HHCTHTYTa RAepHYX HccneAoBaHHA. nY~Ha 1985 

Ve gni G. et a l. EI-85- ~ 98 
A Study of Ine l as ti c Di ff r act ion of a- - Meson in ,, +,,- ,,- - Sy st em Us ing 
a "Live" Target o f SI I icon 

....hen study ing t he proce s s of d iff rac t ion d is soc i a t i on o f a -mesons into 
a 3 a-system at beam moment um 40 GeV/ c a t t he fa c iIi t y HIS J INR , \~ e have se­
parated coherent and incohe ren t r eac ti ons by mea sur in g the energy release 
o f r eco i l in the mu lt i l ayer SI de t ec tor ta rge t. A p~ rtla l wa ve ana lys i s wa s 
performed for the separat ed cohe re nt even t s. Depen denc e of i n tens it ies and 
rel a tive pha ses of pa rti a l wa ves on t he mass of t he 317-system conf i rms our 
earl i er da ta on obse r va ti on o f res onanc e s t ates in t he ~Ja Ve5 U-S (IT ' and" - ), 
I+S(A\ ) ,Z-S(A 3) and l + D(A~) . The da t a obt a i ned in t h is paper show t ha t the 
different ial cross se ction for the incohe ren t product ion of t he 3rr -system 
approaches zero a t t ' . 0, 

The investiga t ion has bee n pe rformed a t the Labora t o r y of Nu c lea r 
Probl ems, JINR 
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