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Among the experiment al tes ts of colour degrees of freedom 
of quarks measurement of t he "0 l i fetime i s mo s t accurate a s 
far as the number o f colours is c oncerne d / 1,2 /. The measured 11 

0 

life t ime agrees wi t h the calculati~ns made on the bas i s o f the 
colour SU(3) theor y and hypo thes i s on PCAC anomaly/! / . In the 
frame of this theory the processes 11°...,. yy , y .... 311, yy .... 317 and 
some others were shown / 4/ to be completely described in t he 11 . 

energy l imits by the s imples t quark diagram as in fig.la i n ~ 
finite order of the renormalizable per t urbat ion theor y . How­
ever, s i nce some authors / 5/ critici sed the PCAC anomaly theo r 
it i s impor tant t o find other experi mental oppor t un1t1es to 
test both this theory and t he colour SU (3) t heory I l l . 
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Fig . 1. Diagrams describ i ng t he ampli tude F 3. of y ~ a. : 
a) quark diagram completel y de termining F3. in the l ow 
energy limi t ; b ) the diagram contain i ng the p ~eson 
in the intermedia te state and contributin g to F " 
in the phy s i c a l region. 

For t hi s purpose it was suggested in / 1,1-9/ to study y .... 3" 
via Coulomb ",,0 production on nucl ei 

• - + (A, Z) ~ " - +"0 + (A, Z) (I) 

nea r the threshold. The differential cross section of reaction 
(1) on nuclei with the charge Z i s 17,81 ... 

I " ' , , ',. !j '"",-. ... .." ~ .. 
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2 2 2)3/2
do Z2 a <q 2_(8 -00 )/2E) (8 - 4mlT (F 31T ) 2 sln2 8 , 

(2)
dS dq 2d cosS 102417 2 q 4 ,; S 

wher e F 3fT is t he ampli tude of y ... au , S = (P11- + P11 0 ) 2, 8 is 

the angle of the "--scattering in c . m. , E is the incident beam 
energy, q is t he moment um transferred t o a nucleus. 

As was shown /6-8 / t he l ow energy theorem f o l lows f r om Alder " 5 

PCAC anomalies: 

IT 

F 31T (0) ~F (0) (3) 
er 2 

where f ," is" t he parameter of PCAC. I ts value f 17.::s 93 MeV can 
be ob tained from e~erimental data on fT ..... 1111, e = (41Ta) 1/ 2. This 
t heo r em connec t s F rr and F" which is t he amplitude of "0 ... 2y 
i n t he limit of zero pi on mass. 

So for F 31T (0) we have /6 / : 

e (Q 2 _ Q2 ) N (4)F 3"(0) ~ - 4,,2r 3 • d c 

where Nc is a number of quark colours, Qu.d is a charge o f 
F3rr quarks. Express i on (2 ) contains in the phys i cal region and 

the con t r i bution o f the diagram with p -meson (Fig.lb) should 
be taken into account 17,8/ . The transition from F 3" (0) to 
F 31T ( 812 , 8 13,823 )can be done using the extrapolation formula/7,8~ 

8 13 8 (5 ) 
F3" (812 ,813,823 ) = F 3" (O)[l+IC le ;4> ( 812 + -2-- + 2 

23 
)],P m2 _ 8 mp -813 OOp -8 23p 12 

where Sij = (P i + P )2 , Pi i s 4-momentum of t he " -meson i n y .... 3" j 
2· rpm/,

C ~ ~I!)', mp is t he mass of p - meson, Ir I =5.56, If 1= 
p 00 2F 31T(0) pIT" P"Y 

=0 . 217 ~V-l are the constants of the corr esponding p-meson 
decay mode s . But only absolute values of t hese constants are 
known and tha t is why indefinite phase 4> enters into (5). Hence 
Coulomb production shoul d be studied at the threshold, i.e., 
wher e Sij a re small and the contribution of the pure quark 
diagram dominates . 

The experiment on "-"0 production in t he nuclea r Coulomb 
fie ld was carried Qut at the IHEP accelerator with the SIGMA 
spec t romet er at t he same time as the Compton effect on the 
pion/lo•ll /was s t ud ied. Figure 2 presents t he layout of the 
experimenta l se t up. The primary 40 GeV/c be~ particle was 
i dentified by t he different ial and threshold gas Cherenkov 
counter s and t he i r trajectori es were measured by scintil l a t ion 

'0 , 'I ' ;, 10----;5l 5 0 

Fig. 2 . The experimental set-up l ayout . 

hodo s copes and proportiona l chambers wi th an accur acy of a x 

~ 0 . 6 mm a nd 09 ~ 0.12 mrad C, Al and Fe t argets of - O. 25 
r ad ia t ion length were used. Secondary -mesons were detected by TT 

t he magnetic spect r ometer cons i sting of t he magnet M, t he pro­
por tional chambers CPM} ~. t he magne tos trictive s par k chamber 
system SC, and s cint il l~ t ion hodo scope 8 TT • The energy and posi ­
t i on of the photons from 1t 0 -decay were measured wi t h t he help 
of the gamma- detecto r ~80 consisting of 80 l ead gl ass Cher enkov 
counters. It comprised 64 counters 38x38x420 mm 3 in size and 
16 outside counters lOOxlOOx420 rom3 in size . 

The trigger selec ted events wi t h TT -meson and photons in the 
final s tate, which satisfied the f o l lowing conditions : 

- there is a track of a beam part i cles; 
- there is one charged particl e behind the magnet; 

there is no signal f rom the guard system around the target 
and from the thres hold Cherenkov counter ~ with the thresh­
hold 18 Ge V/c for "-meson; 

- the energy deposited in 64 counters of the y-detector 
exceeds 5 GeV. 

The e xpe rimental se tup was described in deta il in refs / 10•II /, 
In the off-line analysis the following criteria were used 

for se l ect i on of the events of reaction (1) : . 
- only one nega tive particle with the momentum P <18 GeV Ic 

wa s de tected by the magnitude spectrometer; 
- t he tra cks of i ncident and scattering pions .were matched 

in the t arget; 
- the pion scattering angle is 81ab > 3 . 5 mrad; . 
- 2 pho tons with the energy over I GeV were detected 1n the 

spec t rome ter ~80' 
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Fig.3. Distribution of events over effective mass of 

photons. 
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Fig . 4 . Dis tr ibut ion of event s with t he "°-meson in 
the f inal state ove r t he t ota l ener gy E '" E".-+ Etflo 

to t 

The ev en ts with "0 -me son in t he f inal sta te were selected 
in analysis of the spec t rum of e f fect ive mas s of photons(Fig . 3). 
The event s f rom int erva l 0. 09 < Myy< 0. 17 were selected. For .. 
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Fig.5. Distribution of selected events over t squared
4-momentum transferred to nucleus. 

these events a clear peak was observed at 40 GeV in the total 
energy distributions (E tot - Err + E ,,0) (Fig. 4). For further 
analysis we selected events belonging to this peak (35 <E <45Ge\). 
In the distribution of these events over t -squared 4-mom~htum 
transferred to a nucleus, the peak at s~ll t {with the width 
corresponding to the experiment al resolution u =25 MeV)7 cha­q
racteristic of the interactions with the nuclear Coulomb field 
was observed (Fig.5). The analysis of the distribution of se­
lected events over S - invariant mass of the ,,-,,0 system showed 
that almost all detected events belonged to the region S < 10m; • 
It agrees with the set-up acceptance calculated by the Honte­
Carlo method. 

The full cross section of r eaction (1) i n the nuclear Cou­
• -3 / 2l omb f ~eld a t C, Al and Fe was determined at t < 2·10 (GeV c) • 

S < 10m" • The linear extrapolat ion of the number of events from 
the r egion of 4 ·10 -3 < t < 9.10-3 (GeV/c )2 was used for esti­
mati on of the strong interaction background i n the regi on ofT 

I 
small t. The error in subtraction of t his background was t aken 

30% of i t s value. The contr ibution from t his error determined 
t he value of the s ystematic error of t he cr oss sec t i on for re­
act i on (1 ). The analysis of da ta of a special run without a t ar ­
get showed t hat under our se l ect ion cri t er i a t he background from 
interac tion outside t he t arget and from decay of K - me sons i n 
the beam is negligible . 

The value of the cros s sect i on for react i on (J) in the nuc­
lear Coulomb fi e ld at C. Al and Fe was obtained by no rmal iz i ng 
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Table 

Expe rimental values a/ Z 2 obtained on dif f er ent t arge t 
for t < 2.10-3 (GeV/c) 2, S < lOm~ and theoreti cal o/Z 2. 
for Nc s 3 and '" = 0 

I Experimental 0 /Z 2 Theory /7 .B/, nb 
! (This paper ) , nb 
I 
r 
I C 1 .2~0 . 3sta~0.8syst 

!I	Ai 1.4 8~0 .40sta~0 .29 sys t 1.1 	 I
I 	Fe 1 . 62~0.33sta~0. 1 5syst I 

I 

tn Z1 

::. '" 7 

, 
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Fig.6. Experimental cross s ec tion 
o f reaction (I ) over Z2 and re­
gions of theoretical va l ues of a 
for Nc = 3 and Nc= I fo r all 
possible phases 4>. 

our data to the tota l number of another process - Compton-effect 

on pion detected at the same time /l O, 11/. The measured cross sec­

tion of the Latter process is in good agreement with the one 

calculated in electrodynamics. So such normalization allows one 

to reduce significantly errors in monitoring and de fining the 

detection efficiency. 


Acceptance of the experimental set-up was Honte-Carlo calcu­

lated using cross section (2), and in region t < 2. 10-3 (GeV/c) 2, 


S < 10m ~ its average ' value was = 0.14. The efficiency of
(B 

event selection in the off-line analysis programme under all 
cuts was ( = 0.8. The errors of (B and (c were included inc 

the systematic error of the cross section. 

The obtained values of cross section for Coulomb "-"0 pro­


duction on C, AI and Fe in the region t< 2 .10- 3 (GeV/c)2, 
S < 10m 2 are shown in Fig. 6. In the Table there are values of 
a /Z 2 lor the investigated nuclei. One can see that dependence 
of the cross section of Z2 is in satisfactory agreement with 

6 

the l inear one. It conf irmes Coulomb charac t er of the detected 
process (I ). Figure 6 present s al so t heore t ical value s of the 
cross section fo r reac tion ( I) calcula ted by (2)-(5) f or t he 
number of quark co l ours N c = 3 and Nc = 1 and for al l pos sible 
phases . 

The obtained result agrees with t he t heoretical value of 
the cro s s sect i on for Nc = 3 and it confirms theorem (3) wi th 
the acc uracy of approxi mation (5), which is in favour of PCAC 
anomal y. 
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8 06"beAIIIHeHHoM Io1HC TH TYTe RAe pHblX IIIccIle.o.oBa H'HH Ha4all 
Bbl XOA..,Tb C60PHHK " /(pa mKue coo6U/eHU:R OJ1HJ1 " . B HeM. 
6 YAYT nOMe~aTbCR CTaTbH, COAep*a~lIIe opHrHHall bHbl e HaY4 Hble, 
HaY4HO-TeXH III4eCKlo1e, MeTOAIII4 eC KHe H n pH KnaAHble pe3Yllb TaTbI, 
Tpe 6 YI()I.q He CP04 HOH ny6nlllKa4l:1H. 6YAY4 111 4aC TbD II Coo6iqeHHH 
OH.RW·, c Ta TbH, BoweAwlll e B C60PHHK, HHelOT /B OTnH4He OT 
n penplIIHToB/ cTa TYc o¢H4l11anb Hblx nyfinHKa4101H OHRH. 

OHRHIIC6 0PHIIIK IIKpaTKllle C006l11eHIo1R 6 y,qeT BblXOAIIITb pery ­
nRpHO . 

The Joint Ins t itute fer Nuclear Resea rch begins publ i ­
shi ng a coll ection of pap~rs entitl ed JINR Rapid Communi­
cations which is a section of t he JINR Communicat ions 
and is intended for the accelera t ed publicat ion of impor ­
ta nt resul ts on the followi n~ subjects: 

Phys ics of elementary parti cles and atomic nuclei . 

Theoretical physi cs . 

Experimental techniques and ~ethod s . 

Accelerators . 

Cryogenics. 

Computing ~athema t i c s and methods. 

Sol id state phys ics . Liquids. 

Theory of condenced matter. 

Appl i ed researches . 

Bei ng a part of t he J INR C~nication s , the artic l es 

of t his new collection, i n contrast to t he JINR Preprints , 
have t he status of off ic ial publicat ions of the JINR. 

JINR Rapi d Communicati ons wi ll be issued regu l arly. 

AUTUIIOU H). M. II AP. E I- 84-5 14 
HCCJlCAOS8HJl e Ilpo u,ecca o6pa SOBaJi lUi nHOHHhlX nap 
nHOllaMH B KynoJloBcKOM none RAep B OKononoporOSOH otSnaCTH 

BnepsbJe 3KcnepHMeUTanbHO Hccn eAoBaH npou,ecc OKOnOItOporo­
Boro 06pa~WBaHHR nHOHHblX nap IlHOHaMH B KynoHoBcKOM none Rp;ep. 
Orrpep;eneHo Cel.{eHHe peaK~ " - + (A. Z) .... " - + rt'J + (A.Z) Ha HApax 
C, Al, Fe npH 40 r3B B of)nacTH HaJlblX rrepeAaHHblX JlAPY 4-HM­

ITyJIbCOB t < 2 ·10 -3 r3B/c 2 H H H Ba pHaH T HbJX Hacc "-,,o-cHCTeMbl 

S < 10 m~ . nOllY'4eHHbIH pe3ynbTaT cor nacy eTCJI C npe,D,CKa3aHHRMH 
rHnOTeSbJ AAnepa 06 a HOManbHWX y cnOBHJlX qaC TH~Horo coxpaHeHHH 
aKCHaJI:bHOrO TaKa H UBeTHoA 8U(3) -TeopHH . 

PatSoTa BbmonHeHa B naOopaTopHH ~ep~ npo6neM OHHH . 

npenpHH1' O&z.e,D,IIHeHHOrO HHcTMTYTa qepRMX HccneAoaaHHA _ llY(SHa 1984 

Antipov Yu.M. et al. EI-84-514 
Study of ""0 Production by Pions i n the Nuclear Coulomh 
Field at Threshold 

The ",,0 produc t ion in nucl ear Coulomb fie l d lit tl ll uHhu ld 
has been studied for the first time experimontnlJy. 1h(.'l eros" 
section o f the reac t ion "- + CA.. Z} • ".-, "t) I (A. Z) aL 1,0 C:",V 
on C , AI , F e nuc l ei has been dl·tormitwtl lUI HIIUII I 1'-llk)lIIt'n­
tum t ransfers t < 2 .IO-S «:f.!V/(·)2 111\(.1 invllrinnl IIlJltIR 01 
"-"0 S <. 10 m2 . 'fl l(> ohtlliu('d nHllIll is in nnrucnu-nl wit h 
Ad l er"H PCAC "II1w l1 L;lly nlUl '~ldn\1r ~lJrJ) t lH'llI"y. 

TIlt' ilivoill iHIIt. i on h~&H lll',-n Pi!! fonm'c! n l lhu Luborn to ry 
of Nuclcllr 111'0hl('I11" •. I I Nlt. 

Preprint of th•.rni l1t In.,llvt. fur Nuclear Re.ea rch . Dubna 1984 


