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Among the experimental tests of colour degrees of freedom
of quarks measurement of the 7° lifetime is most accurate as
far as the number of colours is concerned /1'2/, The measured =°
lifetime agrees with the calculations made on the basis of the
colour SU(3) theory and hypothesis on PCAC anomaly/3/. In the
frame of this theory the processes #°+yy, y +3r, yy » 37 and
some others were shown’/%/ to be completely described in the 1..
energy limits by the simplest quark diagram as in fig.la in =
finite order of the renormalizable perturbation theory. How-
ever, since some authors /> criticised the PCAC anomaly theor
it is important to find other experimental opportunities to
test both this theory and the colour SU(3) theory/1/,

Fig.l. Diagrams describing the amplitude F*" of y -+ 8m:
a) quark diagram completely determining F3" in the low
energy limit; b) the diagram containing the p —mpson

in the intermediate state and contributing to F"

in the physical region.

For this purpose it was suggested in /B9 ¢ study y - 3n
via Coulomb mn° production on nuclei
™ + (A Z) »7” +n° +(A, 2) : (1)

near the threshold. The differential cross section of reaction
(1) on nuclei with the charge Z is T
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where F" is the amplitude of y » 3, S=(P _+F.o) , ® is

the angle of the m~"—scattering in c.m., E is the incident beam
energy, g is the momentum transferred to a nucleus.

As was shown/®%/ the low energy theorem follows from Alder”s
PCAC anomalies:

F(0)
e!z
where f, 1.S the parameter of PCAC. Its value f, = 93 MeV can
be obtained from e er:mental data on 7 - v , e = (4ma) /2. This
theorem connects F37 and F” which is the amplitude of #° » 2y
in the 11m1t of zero pion mass.

So for F (0) we have

F¥0) =

’ (3)

3 - _a? 4
F™(0) = - 4“23(0 QN _, 4)
where N, is a number of quark colours, Q,, 4 is a charge of
quarks. Expression (2) contains F°" in the physical region and
the contribution of the diagram with p-meson (Fig.lb) should
be taken into account /78/ The transition from F 7 (0) to

F37 (819 +8 41894 )Jcan be done using the extrapolation formula/7:84
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where Sij =(P5+Pj )2 . Py is 4-momentum of the = -meson in y- 3r ,

21
=0.217 GeV-! are the constants of the corresponding p-meson
decay modes. But only absolute values of these constants are
known and that is why indefinite phase ¢ enters into (5). Hence
Coulomb production should be studied at the threshold, i.e.,
where 8;j; are small and the contribution of the pure quark
diagram dominates.

The experiment on n n° production in the nuclear Coulomb
field was carried out at the IHEP accelerator with the SIGMA
spectrometer at the same time as the Compton effect on the
pion/10.11/yags studied. Figure 2 presents the layout of the
experimental setup. The primary 40 GeV/c beap particle was
identified by the differential and threshold gas Cherenkov
counters and their trajectories were measured by scintillation
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s my is the mass of p-meson, ltpmrl :5'56'“9"7[:
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Fig.2. The experimental set-up layout.

hodoscopes and proportional chambers with an accuracy of o

= 0.6 nmm and og = 0.12 mrad C, Al and Fe targets of ~0.25
radiation length were used. Secondary = -mesons were detected by
the magnetic spectrometer consisting of the magnet M, the pro-
portional chambers CPM; 4. the magnetostrictive spark chamber
system SC, and scintillation hodoscope 8,. The energy and posi-
tion of the photons from n°-decay were measured with the help
of the gamma-detector 630 consisting of 80 1ead glass Cherenkov
counters. It comprised 64 counters 38x38x420 mm® in size and

16 outside counters 100x100x420 mm® in size.

The trigger selected events with =z -meson and photons in the

final state, which satisfied the following conditions:

- there is a track of a beam particles;

— there is one charged particle behind the magnet;

- there is no signal from the guard system around the target
and from the threshold Cherenkov counter t; with the thresh-
hold 18 GeV/c for m-meson;

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

The experimental setup was described in detail in refs./10:11/,

In the off-line analysis the following criteria were used

for selection of the events of reaction (1):

- only one negative particle with the momentum P <18 GeV/c
was detected by the magnitude spectrometer;

- the tracks of incident and scattering pions were matched
in the target;

- the pion scattering angle is 8),p> 3.5 mrad;

- 2 photons with the energy over 1 GeV were detected in the
spectrometer an.
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Fig.4. Distribution of events with the z°-meson in
the final state over the total energy Et=E,~+E o.

The events with r°-meson in the final state were selected
in analysis of the spectrum of effective mass of photons (Fig.3).
The events from interval 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,, =E,~+E_ o) (Fig.4). For further
analysis we selected events belonging to this peak (35<E <45GeV).
In the distribution of these events over t -squared 4-moméntum
transferred to a nucleus, the peak at small t (with the width
corresponding to the experimental resolution o = 25 MeV), cha-
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 7 #° system showed
that almost all detected events belonged to the region S*:lﬂm§ .
It agrees with the set-up acceptance calculated by the Monte-
Carlo method.

The full cross section of reaction (1) in the nuclearsCou— 4
lomb f%eld at C, Al and Fe was determined at t < 2 .10 (GeV/c)",
8<10mz; . The linear extrapolation of the number of events from
the region of 4-10~% <t < 9.107% (GeV/c)? was used for esti-
mation of the strong interaction background in the region of
small t. The error in subtraction of this background was taken
30%Z of its value. The contribution from this error determined
the value of the systematic error of the cross section for re-
action (1). The analysis of data of a special run without a tar-
get showed that under our selection criteria the background from
interaction outside the target and from decay of K —mesons in
the beam is negligible.

The value of the cross section for reaction (1) in the nuc-
lear Coulomb field at C,Al and Fe was obtained by normalizing
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Table

Experimental values a/Z2 obtained on different targe
for t < 2.10°3 (GeV/e) % 8 <10m£ and theoretical o/Z "’
for No= 3 and é=0

Experimental o /Z°

Theory /7'3/,nb
(This paper), nb

o 1,240,354 ,¢40.8

syst
Al 1.4840.405 11 +0.295y6¢ 1.1
Fe 1.6240.3354 54 +0. 15y 5t

Fig.6. Experimental cross section
of reaction (1) over Z> and re-
gions of theoretical values of o
for N = 3 and N.= | for all
possible phases ¢.
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our data to the total number of another process - Compton-effect
on pion detected at the same time/!9:!1/, 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 defining the
detection efficiency.

Acceptance of the experimental set-up was Monte-Carlo calcu-
lated using cross section (2), and in region t < 2.10~% (GeV/c)?,
S<1Dn1§ its average ' value was €q = 0.14. The efficiency of
event selection in the off-line analysis programme under all
cuts was €¢ = 0.8. The errors of ¢, and ¢, were included in
the systematic error of the cross section.

The obtained values of cross section for Coulomb 7 #° pro-
duction on C, Al and Fe in the region t< 2.107% (GeV/c)?2,
S< 10m2 are shown in Fig.6. In the Table there are values of
¢/2?% for the investigated nuclei. One can see that dependence
of the cross section of Z* is in satisfactory agreement with
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the linear one. It confirmes Coulomb character of the detected
process (l). Figure 6 presents also theoretical values of the
cross section for reaction (1) caleculated by (2)-(5) for the
number of quark colours N, =3 and N. = 1 and for all possible
phases.

The obtained result agrees with the theoretical value of
the cross section for N.= 3 and it confirms theorem (3) with
the accuracy of approximation (5), which is in favour of PCAC
anomaly.
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B 0bveauHEHHOM WHCTUTYTE AAEPHHX MCCNEAOBaHuii Hauan
BuxoanTe cbopHuk "Hpamwxue coobyenun OHAH". B uem
GyayT noMewarteCA CTaTbM, cCOAepKaliMe OPWUrMHANLHHE HayuHbe,
HAYUYHO~TE@XHMUECKME, METOAMUECKME M NPUKNAQHLIE PE3yNbTaThl,
Tpebywoime cpouHon nyBnukayum. Byayum uvacTter "'CoobuenHnii
OMAK", ctaTeu, sowepwve B cGopHMK, uMenT /B OTNMYMe OT
npenpuHToB/ CcTatyc odMuuanbHuix nyGnukauwin OUAK.

CBopHuk "KpaTkue coobuennn OMAWU'' Byper BuxoauTe pery-
NAPHO .

The Joint Institute fcr Nuclear Research begins publi-
shing a collection of papers entitled JINR Rapid Communi-
cations which is a section of the JINR Communications
and is intended for the accelerated publication of impor-
tant results on the following subjects:

Physics of elementary particles and atomic nuclei.
Theoretical physics.

Experimental techniques and methods,

Accelerators.

Cryogenics.

Computing mathematics and methods.

Solid state physics. Liquids.

Theory of condenced matter.

Applied researches.

Being a part of the JINR Communications, the articles
of this new collection, in contrast to the JINR Prepr1nts,
have the status of official publications of the JINR.

JINR Rapid Communications Will be issued regularly.
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Heeneposaume npouecca o6pasoBaHHA NHOHHBIX nap
MUOHAMH B KVJ/IOHOBCKOM MOJIeé Agep B OKOICIOPOIOBOil obnacTd

E1-84-514

BriepBbie 9KCHEPHMEHTAIBHO HCCIENOBaH MPOIEect OKOJONoporo=
BOT'c OGpascoBaHMs MHMOHHMX 11ap NHOHAMH B KYJIOHOBCKOM IIOfIe AGED.
OnpeneneHo ceuexue peakmud m- + (A, Z) » 7~ +7° + (A,Z) Ha sgpax
C, Al, Fe npu 40 I'sB B oGiacTH MaiBIX NEPeRaHHWX AAPY 4—HM—
nymecoB t < 2:10 ™% TI'sB/c® u HHBApHAHTHMX Macc W 7 —CHCTEME!
S<:10m%. lonyueHHsl pesynsTaT cornacyerTcs ¢ TMpeacKasaHHaMH
runoTess Amnepa of AHOMANbHBIX YCJIOBHAX YAaCTHYHOTO COXpaHeHH:d
AKCHANILHOTO TOKa M useTrHo SU(3) -Teopuu.

Pabora BemosiHeda B JlaBopaTopHM spepHbx npobneM OHSH.

IpenpenrT 05beaHHEHHOro MHCTHTYTA HASDHWX Hccrnegosanufi, [lvGsa 1984

Antipov Yu.M, et al. E1-84-514
Study of 7r° Production by Pions in the Nuclear Coulomb
Field at Threshold

The #7° production in nuclear Coulomb field at threshold
has been studied for the first time experimentally, The cross
section of the reaction n~ (A, 2) » v 4+ n® + (A, Z) at 40 GeV

an G, , Fe nuclax hns been detarmincd for small 4-momen-
tum transfers t < 2. 3 (Gev/e)? and invariant mass of
7=n° 8 < 10m2. The nbLnxned result is in agreement with

Adler”s PCAC"nnnnmly and colour SU(3) theory.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR,

Preprint of the Joint Iostitute for Nuclear Research. Dubna 1984




