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Abstract

Amelin D.V. ¢t al. Study of the decay f;(1285) - p%(770)y. IHEP Preprint 94-91. - Protvino,
1994. - p.11 figs. 7. refs.: 14.

The decay fi(1285) — p°(770)7 was studicd at the VES spectrometer of IHEP. A clear
signal of f,(1285) is seen in the effective mass spectrum of the #¥7~y system in the reaction
7~ N = mtx x~yN at the momentum P,- = 37 GeV/e. The branching fraction of decay
F1(1285) — p°(770)y has been found to be

BR(f1(1285) — p°(T70)7) = (2.8 + 0.7(stat) + 0.6(syst)) - 1072

The ratio of the helicity amplitudes for p° meson in its rest frame was determined by the
analysis of angular distributions :

poo/pu = 3.9+ 0.9(stat) £ 1.0(syst).

AnHoTammMsa

Amernn 1.B. u ap. Wccnenopasue pacnana fi(1285) -~ p°(770)y. Ilpenpunt UPBD 94-91. -
Ilporsuno. 1994. 1lc., 7 pac., 6ubanorp.: 14.

Ha ycranoske BEC UDBD usyuen pacuan fi(1285) — p°(770)y. OTueTsiuBbi cUrHan
or f1(1285) mabmonaercs B OQEKTHBHOM MACCOROM CHEKTPE TT777y CHCTeMul B peakilni
=N — wtr~ 7 ~N npu wvyasce Pr- = 37 CeV/e. Onpenesiena oTHOCUTeALHAR BEDOAT-
HOCTH pacmana f1(1285) — p®(770)7 :

BR{j,(1285) — pP(770)4) = (2.8 & 0.7(stat) £ 0.6(syst)) - 1077

Hy'reM aHajl3a ¥y IJOBBIX pacupe}{t}nmmﬁ HaMICHO OTHOIICHUE 3NeMeHTOB MATPHILbL IIOTHOCTH
pactialla B cpcTeMe LHeHTpa Macce /‘JO Mesoa !

pool i = 3.9 + 0.90s%at) £ 1.0{syst).
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1. Introduction

Radiative decays of mesons are effective tools for the investigation of meson
structure [1,2,3,4,5]. However, experimental information especially about El
radiative transition is rather limited because of experimental difficulties for
their investigation.

This paper is devoted to the experimental study of the decay

£1(1285) — p*(770). (1)

It was previously detected in the process J/¥ — v(yp) at MARK-III [6] and
was studied by the collaboration WA-76 in the centrally produced exclusive
final states at the CERN Q-spectrometer at 300 GeV/c [7]. The branching
fraction obtained for it in these experiments is higher than the upper limit
from LEPTON-F experiment [8,9] and the predictions of the majority of the
theoretical models [1,2,3.4].

2. Experimental procedure

The experiment was performed at the VErtex Spectrometer (VES) of [HEP
in a pion beam with the momentum P,- = 37 GeV/cou a beryllium target. The
VES is a large aperture magnet spectrometer with 29 planes of proportional
and drift chambers, the 1600 channel lead glass electromagnetic calorimeter,
the 200 channel scintillation hodoscope, the multichannel threshold Cherenkov
counter for secondary particle identification. The magnet aperture is 2m X 1m.
A detailed description of the spectrometer, trigger conditions, DAQ system and
off-line analysis are published elsewhere [16.11].

The exclusive reaction

7~ N — 1 f(1285)N (2)



was used as a source of fi mesons. The decay mode of the f1(1285) meson
F285) = 7Ty, Y 3)

was used as the reference one.

The effective mass spectrum of the 777 7 system for the events of the
reaction

7N — atn a7 N,

selected out of the same data set, is shown in Fig.la. The peak is seen in the
mass region of the f; meson. The partial-wave analysis of the 7t x~ 7 1 system
[12] shows that this peak corresponds to decay (3).

3. Events selection. Kinematical cuts

The following criteria were used to select the events of the reaction 7~ N —
atr YN

1. The event has two negative and one positive tracks of charged
hadrons.

9. The event has one vy with E, >3 GeV. One additional 7-like shower
is allowed with the energy not exceeding 0.5 GeV.

3. The total energy of the 7*n 77y final state lies in the region of the
"elastic peak”: 34 < Eiy < 38 GeV.

4. The effective mass of selected 4 and any cluster in the y-detector
does not lie in the 7 meson mass region.

The effective mass spectra of the atn~~ system and the 7+ 7~ subsystem
with the less energetic 7~ of the two ones are shown in Fig.1b,c. The analysis
of the combinatorial background coming from the fact that there are two 7
shows its smooth behavior at all interesting mass region. The clear signal from
p*(770) can be seen on Fig.1c. There are four peaks in the spectrum shown in
Fig.1b, which can be interpreted as follows :

e the low-mass peak results from the decay 1 — atr Ty

e the peak in the mass region of 0.7-0.8 GeV and the left "arm” of the 7-
peak are due to the processes w — =m0 (70 — yy) and y — e w0
with one photon lost;

e the peak at 0.96 GeV results from the radiative decay 7'{958) — atn v



~ ~, 4000 ~

O 5000 }— U © -
% H % b) % L
= r = soan 3 40001
2 000 2 r =4 L
S of > 2000 ~ o F
< F ‘QE) ; E 2000 —
Q 2000 -
@ L 3 to00 e L
o G ok

08 1.2 16 05 1 15 05 1 15

M(r*rn) , Gev/c? M(r*n"y) , GeV/c? M(r*r) , Gev/c?

Figure 1. The effective mass spectra for the systems 7+7~n (a) for the events of the reaction

7N = xtr-x~yN and 7t 777 (b), 7tx~ (c) for the events of the reaction
7N - rtr "y N.
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Figure 2. The influence of the cuts on the 7*7 v mass spectrum.
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o the peak in the 1.27 GeV mass region is interpreted as mnainly the signal
from decay (1) with some backeround from the decay

i 4
oy o T

v
i
—

T Tost (
peaking at the same region.

To enhance the f; mesou coutributicn imto the 7+t 77 7 effective mass spec-
trum we applied the following kinematical cuts to the selected events based on

the results of the PWA analvsis of the f/1(1285)7~ (fi — n¥#7) system:

e cosine of the Gottfried-Jackson angle of the system 7% 7~ 77y lies in the
region —0.8 < cosflyy < 0.4 (TGI-Cut”). The Gottfried-Jackson angle
distribution of f; meson shows its “central” production.

o the total effective mass of the final state particles lies in the region 1.4 <
Mt gy < 2.4 GeV ("M-Cut”}. The production of fi77 system is most
intensive for this total wmass region.

e the transfer womentum squared -1 < 0.05 GeV? (" T-Cut™). because of
the diffractive production of the fi7° system.

e “he effective mass of the 7% pair belongs ro the p meson region (0.6 <

)

Me - < 0.9 GeV 1 Rbo-Cut ™),

Fig.2 demounstrates the efficicncy of these cuts.

The applying of the cuts listed above to the data gives the increase of the
signal/background ratio in the %77~ wass spectrum and reduces the width of
the peak due to suppression of the background from decay (4). The Monte-Carlo
simulation of this background gives a broad bump in #7775 mass spectrun at
1.27 GeV. This background corresponcs to abont 40 % of the whole peak in
Tx7y spectrum without cuts and is decreased strongly after 7T7 "M " GIY

and "Rho” cuts. The rewanining “far™ pare of the background is mainly from
{

s
the other processes with Fone ~ lost) in the final state.

The signal at 1.27 GeV has a miass ¢lose to that of f1{1283) and the angular
distributions for the eveuts from this peak are similar to those for f1(1285)
decaying into patu " {see Fig.31 Note that for 740777y events "M” 7T and
"Rho” cuts were applied and side band background subtraction was performed.

The fit of the signal in Gaussian gives T o= 66 & 6 MeV after all the
cuts which is in the agreement with the Monte-Carlo shnudation.  The value
M = 1270 + 10 MeV is obrained from the fit; the systematic error dominates
here which is caused by the absolute energy calibration of the electromagnetic
calorimeter and parameterization of the background. Fig.4 shows the Mqe - vs
Mn-o scatter plot ("M and "G cuts are applied). The clear concentration
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of events near the mass of p0(770) is seen for My+.- above 0.96 and 1.27 GeV.
It indicates that f;(1285) decays mostly into p°(770)7.

4. Analysis of angular distributions

The angular distributions for decay (1) are defined by the ppo/p1; ratio of-
density matrix elements for p° meson in its helicity frame. In particular the
Bins angular distribution, where 8, is the angle between the #+ and the v in
the o rest frame, is

(]*V/aint X Py Sin20int + poe 60526int-

The experimental angular distributions are distorted by the background events
as well as by the acceptance. To define the contribution from background decay
(4) a partial-wave analysis of the reaction 7~ N — 7~ alN was performed and
its results were used for calculation of the angular distributions in the process

7N — adn N (5)
Ceqlatya™
=7 Yiost-
The experimental angular distributions of the diffractive production ot the

fim~ system and subsequent decay of fi(1285) were fitted out using maximum
likelthood method. The fitting function was taken in the form:

FO) = Xg, - fr.(poo/puie Q) + Xpig - Forg(S2).

Here f5, describes fim~ production with sequential decays using the known
f1 density matrix and fu, describes angular distribution for background events
(5); both functions are acceptance corrected after all kinematical cuts described
above have been applied. () is a set of angles which fixes the event configuration.
The "flat” background which has no bumps near 1.27 GeV was removed by the
side band background subtraction in minimizing function. Three parameters of
the fitting procedure are as follows: X7y, - the amcunt of f1. Xokg - the amount
of a} background events and pgy/pi; - the ratio of density matrix elements for
p° meson in its helicity frame.

As a result of this fit a good description for all angular distributions was
obtained. For example, Fig.5a shows the fitting result of 0;n distribution for
experimental events at f; mass region after "flat” background subtraction. Con-
tributions to the fit result from background decay of « that has a specific shape
and from the decay of f; are shown separately on Fig.5b. For the experimental
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distribution a peak at cosf;,,,=0 from (13 background events is clearly seen for
“weak” kinematical cut. After applying all cuts listed above ("strong” cut) this
peak is reduced significantly.

The 6;,, distribution for f) decay events reveals the clear c05%0:,; behaviour
that indicates the pgs dominance. The vatio of p-matrix elements of p° meson
was found to be

poo/ 1 = 3.9 £ 0.9(stat) £ 1.0(syst).

Visible suppression of the p;; cerresponds to what would be expected for
an axial-vector particle decaying into p and - in the framework of the vector
dominance model taking into account the Landau-Yang theorem.

5. The branching fraction of f,(12835) — p"(770)y

To determine the branching fraction for the decay (1) we have used the
experimentally measured ratio

Ry = Br{fi — py)/Br(f1 — nT 77 n).

To reduce possible systematic errors in Ry, we have corrected it using table
value [13] for the ratio

Ry = Brisf — )/ Br(sf — n7 )

for the processes with similar tepologies and our resuit for R, obtained from
the same data set (Fig.1a).

The numbers of f1(1285) in both decay modes were obtained with "T7,"M”
and "GJ” cuts optimized to get statistical significance and good signal to back-
ground ratio. The "Rho”-cut on 7777 mass was not used, because the shape of
the p meson in the decay of fi is model-dependent, and this cut weuld cause
systematic errors.

The amount of the backgiound from a)7~ was determined by fitting angular
distributions using the samc procedure as described above and the Monte-Carlo
atn~ 4 spectrum for this background was subtracted from experimental distri-
bution for 7777 mass. Fig.6 shows this background spectrum superimposed
on the experimental 7777+ mass distribution which was used to define the
numbers of f1(1285). Finally taking into account acceptances calculated for
the four decays the branching fraction under question was found to be

Br(f1(1285) — p(7T70)7) = (2.8 4 0.7(stat) £ 0.6{syst)) - 1072,



6. The decay f1(1285) — ¢(1020)y and the axial nonet
mixing angle

The decay
F1(1285) — o(1020)-. ©{1020) — K"K~ (6)

was also searched for at the VES spectrometer using the same data set. We
used the same exclusive reaction (2) as the source of f| mesons. selection cri-
teria identical to those described above and the same kinematical cuts to en-
hance the f; meson contribution. The informatiorn: from multichannel threshold
Chierenkov counter was used for secondary particle identification.

Fig.7a shows effective mass spectrum of the K+ LK~ 7Y system for the events
of the reaction 7~ N — RTA 7 7'N. The clear signal from f,(1285) meson is
seen, this f; decay mode has been used for normalization.

The K*K~ mass spectrum for the K¥A 7"y final state is presented in
Fig.7b and shows a distinct peak. corresponding to (1020) meson. The final
K+~ mass spectrum for the events selected from o-peak mass region with
the background from the adjacent to ¢ mass intervals subtraction is shown in
Fig.7c. No signal from decay (6) is seen. Taking into account acceptances and
known branching fraction {13] for the decay f1(1285) — N*YA™ 79 we found

Br{f1(1285) — 0(1020)~) < 0.9 - 107* at CL=95%.

This limit doesn’t contradict within the error bars the branching fraction from

LEPTON-F [14] where decay (6) was observed.
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In the framework of a simple quark model one may show:

: 3
Brifi—éy} .4 /[)fl—mj 9
Brifi—pm) 79 '\F!z"'M/ ty a.
where Py, ., and Py 4, are photon womenta for the corresponding decays in
the fi rest frame. Then, using the values presented in this work, we found the

upper limit on the axial nonet mixing angle o = {Oideat — Oaziat]

a < 32° at CL=95%.

7. Conclusion

The decay f1(1285) — p%770)y was studied in the reaction #~ N —
77 f1(1285)N. Its branching fraction was measured to be (2.8 + 0.7(stat) &
0.6(syst)) - 1072, This value is in agreement with the estimation for the El
transitions in the framework of the quark model [2].

The ratio of p-matrix elements for p® meson in its helicity system was de-
termined by the analysis of angular distributious : pgo/pi1 = 3.9 & 0.9(stat) £
1.0(syst).
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I1.B. Amenwu u np.
Uccneposanne pacnaga f1(1285) — p*(770)~.

Opurunai-MakeT HOATOTCBIEH C NOMOILIBIO CHCTEMEL A TRX.

Penaxrop E.H.I'opuna. Texuuueckuit penakrop H.B.Oprosa.
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Odcernas mevarr. Ilew.n. 0,70. Yua.-usn.a. 0,86. Tupax 240. 3akas 23.
Maznexc 3649. JIP Ne020498 06.04.1992.

Hucruryr ¢usnxu Beicokux sHepruit, 142284, IIpo1suno MockoBckoi 061



Manexc 3649

NIPEIIPUHT 94-91, noBDO, 1994




