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Abstract. The two-photon reactiony — 77~ 7% was in-  detected. In this way only events corresponding to almost
vestigated by the ARGUS collaboration. The reaction isreal photons are selected. The data used for the study of this
dominated by the formation of the(1320) meson. A value reaction were taken at an average~ centre—of-mass en-
of Iy, = (0.96+ 0.03+ 0.13) keV was obtained for its ra- ergy of 10.4 GeV and correspond to an integrated luminosity
diative width, in good agreement with the world average.of A =456 pb .
The fraction of~~-helicity 0 in the a, two-photon width The selected events consisted of two charged tracks and
was found to be equal to (B+ 2.2)%. It allows a dis- two photon signals. The tracks had to have opposite sign
crimination among models that describe the dynamics in theand to originate from a common vertex at the beam line.
two—photon production of tensor mesons. An upper limit of Only tracks that had a likelihood for being pions [10] above
I, - Br(p™n¥) < 0.54 keV (90% c.l.) was obtained for 1% and a likelihood for being electrons and muons [10]
the resonancer(1300). The partial wave analysis revealed less than 10% were considered. Calorimeter noise was kept
almost a complete absence of the wave with spin and paritjow by requiring a minimum photon energy of 70 MeV. A
JP = 2. We also observe no significant enhancement in themore serious fake photon background arises, however, when
w*7~ 7 invariant mass spectrum that could be attributed toshowers resulting from the impact of charged particles be-
the two-photon production of the,(1670). The obtained up- come split and the resulting calorimeter pattern is misinter-
per limit 1", (m2(1670)) < 0.19 keV at the 90% confidence preted as being due to two closely spaced hits. In order not
level is in contradiction with two previous observations.  to consider them as real photons, a cut was applied on the
anglea between the photon direction and the line connect-
ing the vertex with the impact point of the charged pion in
the calorimeter. Only hits with ces < 0.9 were identified
) as photons. Ar° candidate was formed by combining two
1 Introduction photons with an opening angle below°90n order to be
accepted as a®, the invariant mass of a candidate had to
Electromagnetic interactions provide an important tool forjie petween 60 and 210 Me\Zclts mass was constrained
the investigation of hadronic states. In particular, twWo—tg the nominal® mass value by adjusting the photon mo-
photon decay widthd”,, are related to the flavour content menta. A cut on the scalar momentum of the three pions
of qq States. It is also expected that glueball states or ad l|pL| < 4 GeV/c and a cut on the total transverse momen-
mixtures of glueball states should result in smaller values ok m |3, pr.i| < 120 MeV/c were used to enhance two-—
I’;,. In a gamma—gamma interaction with almost real pho-photon interactions and to suppress the background from
tons only states with certain quantum numbers are populated gecays and incompletely reconstructed events. The back-
which simplifies the determination of spins and parities Ofground fromyy — a7~ andyy — pu*p (e*e) with addi-
the produced states. tional noise in the calorimeter was diminished by applying a
It is known that the processy — 7"z~ 7% is domi- ¢yt on the sum of the transverse momenta of the two charged
nated by the production af,(1320). It has also been ob- pions,|pr(m*) +pr(7~)[2 > 0.004 Ge\F/c2. After imposing
served that the main contribution comes from the helic-these selection criteria, 3567 events remained. Their invari-
ity 2 amplitude [1-4]. This is in agreement with expecta- ant mass spectrum is shown in Fig. 1. The three-pion invari-
tions that the fraction of the~ helicity zero partial width  ant mass distribution of the selected sample clearly peaks
r@ = 17201750 + Ty, 7257 should be small. The  at the position of thei»(1320) resonance. The experimen-
predictions for this ratio [5-8] vary from 0 t9. A precise  tal resolution of the three—pion invariant mass and the pion
experimental determination of the polarization in two— angular distributions is dominated by th& momentum res-
photon reactions is, therefore, important for selecting mod-olution. We compensate for this by adjusting th& trans-
els that consistently describe the dynamics of the couplingrerse momentum so that the total transverse momentum of
of a meson to two real photons. the three pions equals to zero:
Recently [3, 9], a structure was found above ¢h€1.320 0 x( 0y _ + _
and has be)(/ar[1 ide]ntified as(1670). A partial wave Snalygis pr(m) = pri(m) = —(pr(7) +pr(7)) - @
is necessary in order to establish its quantum numbers anthe rationale behind this momentum tuning is that the final
to determine its two—photon decay width. The present studystate transverse momentum is dominantly very small since

focuses on these two subjects. events are collisions of almost real bremsstrahlung from the
incidente*e™.
The background contribution was obtained from a Monte
2 Data selection and background estimation Carlo simulation using an event generator based on measured

cross sections. The largest contribution to the background
The ARGUS detector and details about its trigger and itscomes fromyy — 77~ 7% with one 7° undetected. It
particle identification capabilities are described elsewhereamounts to 200 events as obtained from the measured cross
[10]. The two—photon reactiony — =*7~ 7 is realised  section [11]. A significant contribution of 150 events orig-
in the DORIS lle*e™ storage ring via the production pro- inates fromyy — =*7—7° where a photon from the? is
cessete™ — ete vy — efe~ntn 0 Since the final-state lost and replaced by a noise signal in the calorimeter. The
electron and positron scatter predominantly along the beameactionyy — 1’ — p%y — 77—~ [12] can also simulate
pipe and escape detection (no-tag condition), we require tha vy — =*7~7° signal when combined with calorimeter
final-state particlesr*7—7° to have a sum of transverse noise. This background was estimated to be about 23 events.
momentad_ pr close to zero and that no other particles be The contribution frome*e™ — 77~ amounts to less than
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Fig. 1. 77— =° invariant mass distribution after applying all cuts and o pt/p [ f2 CMS
after tuning ther® momenta (see text). The expected contribution from the o/ T/ T ;,H;
a»(1320) is represented by the dotted curve and was obtained with the PDG g e
[16] average resonance parameters : . ?
10 events, while the background resulting frefe~ — qq ) :

ande*e” — BB can be neglected. To reduce the contribu-
tion from events originating from the interaction of primary

electrons and positrons with the beam—pipe gas and Wa”%ig. 2. On the definition of the angleg, ¢ and 6, ¢1. The z axis of the

w7

cuts on the origin of tracks were applied which brought thiscoordinate systems is pointing along the axis in then*n—7° center
kind of background contamination to less than 35 events. Irof mass. In no-tag reactions this coincides, to a very good approximation,
total, the contribution from the various backgrounds to thewith the beam direction. Since the overall azimuthal anglis redundant
selected sample is estimated to be 12%. in a no-tag experiment, the" was chosen to lie in the — x plane ¢ = 0),

while for the other isobars (e.g~ or f2) ¢ is the difference between their
andp*’s azimuthal angle. Note that for the sake of brevity in the definition
of angles we call everyr£ 7% combination ap= meson and every* =~

3 Analysis of thew*w— =0 final state

The experimental data were analysed by using a maximum
likelihood method [13]. A likelihood function was defined

as

N
InL = Z In Z Py A
=1

Ar(&) A7)

VIAi? /a2

NS, (2

k.l

where the first summation extends over all measured events
7. The meaning of the symbols is as follows.

Ar(£): A transition amplitude for the decay chanriethat

depends on measured variables (invariant masses and an-

gles) which are symbolically denoted Ky Apart from
terms, containing the final state invariant m&gs,, the
transition amplitude for the decay of a state with spin
and parityJ” via an isobarl reads

Ay < B((JP,J,) = I, I — 7r)
fU — mmr)RBW(I) , 3)

where they~-helicity J, is defined as a component of
the spinJ along the direction of the incoming photons
in the three—pion center-of-mass system. The relativistic
Breit-Wigner function

1
% - m(27f77)1
represents the propagator of the isolbadecaying into
two pions. The symbohy,), stands for the invariant
mass of the two pions which combine into the isobbar
while m; and I'; are nominal mass and full width of

RBW(I) = 4)

— z'm[f’[

combination anf, meson

Br((JF,J.) — Im; I — 7r) =

Lo J,J, M
Pk D CiiypaneaYi 0D,
Jo(DFM=1.

P)Y™(0r(7 1), Pa(71))

written in terms of momenta, spherical harmonics and
appropriate Clebsch-Gordon coefficients. The latter com-
bine the orbital angular momentaof isobars with their
spinsj to the overall angular momenta of different
partial waves. The momentupy of the isobar/ is cal-
culated in ther*r— 70 rest frame and, is the pion
momentum in the isobar center-of-mass system.

The form factorsf(I — =) are smoothly varying scalar
functions of masses of the involved particles. For the
decayp — w7 we took a form factor proposed in [14],
for the transitionf, — nw we used slightly modified
Blatt-Weisskopf form factors [13, 15] while form factor
for the decay of the narrowjy(980) was assumed to be
constant.

Note that the large width of the makes the interference
terms betweent”, J.) — p*n~ and (7, J.) — p~7*
decays non negligible. This means that every transition
amplitude for the decay throughr must be written as

a sum of the amplitudes for the two decay channels [5]

A((JF,J) = pm; p— 7m) = (6)
A((JF, 1) = ptaspt — 770
+Ap((JF, ) = p i pT > r0)

®)

the isobar. The angular dependence (see Fig.2 for thé,; = e!*:: Elements of a Hermitian matrix. All diagonal

definition of angles) is described by the amplitudes

elements are equal to 1. The off-diagonal elements differ



472

from zero only when interference between statesnd (25,+2) — p*rT

l is possible §y; is a relative phase betweety, and 4;. 25,-2) — p*rT
|Ax|2: A normalization factor defined as an integral of (2,00 — praT

| A, (€)|2 over the variableg weighted by the acceptance (0,00 — p*aF

ne(W44), the two—photon luminosity functionlL,.,/ isotropic — 7t~ 70,

dW.,~ and the phase space density. It is obtained from . . P _ o
Monte Carlo simulation of the detector performance. “The radially excited/” = 2~ states are not expected to

A2: Fractions of the measured events that are attributed tgfgiﬁr Irr]etshslz dnéises tgeg:gnﬁiaﬁ?hféztﬁ; ddecaylng Jiotd
particular partial wavek. They are obtained by requiring bp 9 :

a maximum value of the likelihood functioh The high-mass region (from 1.45 to 2.1GeY/on the
S: Normalization integral ' other hand, is characterized by small numbers of events

per bin (typically 70, see Fig.1). In order to obtain sta-
ApA 7 ble results from the maximum likelihood analysis, the num-
\/A 2\/A 5 (7) ber of variables had to be kept low. Results of the analy-
A2/ 4] sis in the low—mass region show that the helicity O wave
The partial wave analysis was performed for each of the(2",0) — p7¥ is suppressed (see Sect.4), therefore we
50 MeV/¢ final-state invariant mass intervals separately. consider both (20) — p*z¥ and (2,0) — for° frac-
Gauge invariance and Bose symmetry forbid the forma-tions in the high-mass region to be negligible and they are
tion of states with odd spin and negative parity, as well astherefore set to 0. Figure 6d shows thier— invariant mass
any state with spin 1 of~-helicity 1, by two real photons spectrum for the three—pion invariant mass interval between
[17, 18]. They also fix the/y-helicity of the states with even 1.45 and 1.90 GeVfc The main peak in the distribution
spin and negative parity to 0 and that of the states with oddcould be interpreted as thfg(1270) resonance. The observed
spin and positive helicity to 2, while the states with even spinshift of about 70 MeV/€ towards smaller masses can be ex-
and positive parity can be produced in bet-helicities. In plained by the phase space suppression. The loyest
addition, a coupling of a/”’ = 0" state to three pions is waves are the-wave with the spin-parity ang~y-helicity
forbidden by parity conservation. (JF,J.) = (27,0), p-wave with (2,2) and d-waves with
Since in the region below 2 GeV there is no known (07,0) and (2°,0). First, the analysis was performed with
resonance witly > 2 which can be produced in two-photon the inclusion of all above waves regardless to the low statis-
interactions [16], altogether the following partial waves weretics. A stable solution was obtained for 11 out of U3,
taken into account: intervals of 50 MeV/é width. In all of them the number
of d-wave f,7 events was found to be consistent with zero.

S = Zpk,l)\k)\l
kil

+ +
g;tzz)) : pigz Therefore, we omitt_ed the highest ork_JitaI momentgffvr
(2+7O) _ piﬁ channels from the_flnal analysis, par.tlcullarly since we do
(2+’+2) . ; 0 not expect a considerable = 2 contribution so close to
" 27r0 the threshold for thef,7° production. The additional peak
(2+’ ~2) — fﬂo that is seen in the™ 7~ spectrum (Fig. 6d) is attributed to
(2; 0 - fi” f0(980). The correspondingpr® contribution to the inte-
2,00 — 7? gratedyy — 7" 7«0 cross section is less than 5%, there-
(27,00 — f'f fore only thes-wave was included in the maximum like-
(07,00 — pFrf lihood function. To summarize, in the final analysis of the
87 8; — ?WE high—-mass region we varied fractions of channels
) - o7
isotropic — 7t 7, g:’ ig - 'jciff
K - U
where (2, 0) etc. stand for[”, J.). By “isotropic” we mean 2,00 — pﬁ:’]rq:
the fraction which is assumed to be distributed isotropically (27,00 —  for®
in phase space. (0-,00 — ptat
Note that the cross section for an untaggedreaction (0,00 —  for®
at ane*e” storage ring, after an integration over the overall isotropic — 7770 .

azimuthal anglep (see Fig.2 for the definition of the an-

gles) splits into a sum of two incoherent terms. It implies

that there is no interference between the states with differenq Determination of resonance parameters

~v-helicities, e.g. between the state$,2) and (Z,0) [5]. and cross sections

After photon helicity summation there is also no interference

between the states witfry-helicity O and different naturali- The low—mass region (events with the three—pion invariant

ties (e.g. the states {20) and (0, 0)) [3], where naturality mass between 0.8 and 1.45 Gedy/@part from being domi-

of a state with spin/ and parity P is defined as{1)’ P. nated by (2, £2) from a,(1320), also shows a small contri-
Since the resonanag(1320) dominates the three—pion bution from (0, 0) — p*7T (presumablyr(1300)) and the

invariant masses below 1.45 Ge¥(see Fig. 1), the analysis isotropic channel. The results of the maximum likelihood fit

was divided into two parts which cover the mass regions 0.8-are shown in Fig. 3.

1.45GeV/é and 1.45-2.1 GeVfc In the low—mass region In order to extract the value for the product of branch-

the fractions)\2 of only five channels were varied: ing ratios and two—photon partial width of the(1320), the
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Fig. 3. Results of the partial wave analysis in the low—mass region. In the m(3m) [GeV/c,Z]

case ofJ” = 2 waves the results of fits to resonance functions (see text)Fi 4. Restllts of the partial wave analysis in thg3r) interval between
are also shown. The mass and width of the resonance were treated as fr(,iegé a;nd 210 GeVic fhe fit was perfor)r/ned by assTLering no interference
parameters between the different channels

. . o N " . _
measured invariant mass distributions of the-2 p=nF onverted the resulting number of candidates (1097)

waves were fitted to a resonance function which consisted of, the three—pion invariant mass interval between 1.1 and

a relativistic Breit-Wigner function multiplied by the two— 1 5Gev/R into an upper limit for a product of the(1300)

photon luminosity function, acceptance corrected and €onyq_photon width and its branching ratio for the decay into
voluted with a Gaussian distribution to account for the ex- .

perimental resolution. The corresponding fit curves are als N
shown in Fig.3. Using the PDG [16] branching ratios for I~ (7(1300))x BR(7(1300)— p~7 )
az — pm andp — 7w, a value of < 0.54 keV (90% conf level). (12)

I’y (a2(1320)) = (096 + 0.03+ 0.13) keV (8)  The full width and the nominal mass of the resonance were
assumed to take values within one standard deviation from
the average values of previou$1300) observations [16].

Contrary to expectations, based on previous measure-
m(ap) = 13204+ 7 MeV/c2 (9) ments [9, 3], the obtained fractions of the (D) — pm and
I'(az) = 120+ 20 MeV (10) (27,0) — for channels in the high—-mass interval are small

. . ) _and showno significant enhancements in the(1670) re-

are consistent with the PDG [16] values. Thg relative contn—gion (Fig. 4). In the interval betweel,; = 1500 MeV/@
bution of I°,,( /. = 0) to thea, two—photon width amounts - 5nq 7 > = 1800 MeV/@, we attributed 15:419.7 and
to 14.4-12.5 events to the (20) — pr and (27,0) — forr
r@=(67+22)%. (11) channels, respectively. If we assume that these values are
uncorrelated, we obtain an upper limit

was obtained for the radiative partial widf . (a2).> The
other two resonance parameters obtained from the fit

The correlation coefficient between the tweg-helicity am-
plitudes is nonzero which had to be taken into account inl’y,(m2(1670))< 0.19 keV (90% d.) (13)

. . . . )
the&etergnmaﬂc&n Ofl the statlllstlcalte_errotf ﬁ(ﬁf' the (@ for the two-photon width of the,(1670). The value already
e observed only a small contribution from the(@) incorporates the systematic uncertainties, dominated by the

gt : S
— p=nT wave with no clear indication of an excess of unknown phase between t

. : er and pr decay channels of
events near the(1300) nominal mass [16] (see Fig. 3). We the (Z‘,O)pwave (see Secle and pTabIe 3§l_ Note that the

1 Whenever two errors are quoted the first applies to the statistical andPbtained limit is in contradiction with thd’,.(72(1670))
the second to the systematic errors values, measured by the Crystal Ball [9] and CELLO [3]



474

Table 1. Cross sections (in nanobarns) for two-photon production of various partial waves inrthe 3
invariant mass interval below 1.45 Ge¥/d\ote that the errors shown are statistical only. Also given is
the sum of all cross sections for every sepafdte, bin. The error of the sum was calculated taking into
account the correlations between the fractions of partial waves

Wy [MeVIc?]  (27,2) = prr (2,0)— pr (07,0)— pmr  isotr.a*n— a0

800— 850 -12+21 01420 -01+13 209+34 196+ 3.9
850— 900 22+£27 17£20 56+5.9 6.1+1.0 155+41
900— 950 35+34 -16+24 54+71 152+20 225+ 45
950— 1000 00+ 3.7 -18+15 05+6.8 27.7+32 264+47
1000— 1050 -07+25 00+16 09+5.1 236+28 237+41
1050— 1100 96+2.9 02+12 6.4+28 27+38 190+34
1100— 1150 137+ 34 —27+13 55+27 106+4.1 270+ 4.0
1150— 1200 133+34 31+20 7.7+29 53+35 204+41
1200— 1250 416+ 5.8 03+29 23+32 211+56 652+6.1
1250— 1300 974+ 8.7 23+42 51+4.4 150+54 1198+ 8.3
1300— 1350 12814+ 9.9 144+ 49 47+ 4.8 51+5.0 1522+ 9.3
1350— 1400 807 £ 8.0 7.0+ 4.0 38+4.4 127+ 47 1043+ 7.8
1400— 1450 355+ 55 92+32 65+4.1 142+ 45 654+6.2

Table 2. Cross sections (in nanobarns) for two-photon production of considered partial waves and they tetalr*7— 70 cross
section in the @ invariant mass interval above 1.45 Ge¥/@he values are obtained with the assumption that the waves with spin
and parity 2~ and 0~ add incoherently and that also the different decay channels of the particular waves; e€@). 2 pw and
(2=,0) — fomr, do not interfere

Wy [MeV/c?] (2*,2) — pr (0=,0) — pm (2=,0) — pr isotr. 7~ 70
1450— 1500 298+ 6.9 18451 31+21 146423
1500— 1550 2214523 —09+4.1 31+43 50+ 16
1550— 1600 162+ 4.9 —03+4.1 55+ 2.6 34+23
1600— 1650 218452 26+ 3.4 —103+58 57423
1650— 1700 41+ 4.0 —36+38 89+ 4.6 98+21
1700— 1750 46 + 3.0 —16+29 6.1+59 84420
1750— 1800 112+5.1 6.0+ 4.1 —43463 80+ 26
1800— 1850 50+ 3.9 —21+41 120+ 65 100428
1850— 1900 100+ 4.3 12436 -33+68 127436
1900— 1950 192+ 6.6 43+4.2 —128+58 75+ 1.9
1950— 2000 50+ 4.2 94+ 36 —58+47 18419
2000— 2050 18+4.1 08+27 00+38 93+26
2050— 2100 45+ 37 0.0+ 20 —52439 109428
+ . — . — .
W, [MeVic?] (2%,2) = fom; (27,0) — for; (07,0) — forr; >
fo—ntnT fo—mtn— fo—
1450— 1500 44403 02+22 0.27+ 1.00 539458
1500— 1550 62+ 0.6 21424 1474 1.01 390+58
1550— 1600 74407 05+22 1964+ 1.20 341452
1600— 1650 70+£0.7 47+13 0.37+ 0.65 317+56
1650— 1700 38405 21407 0.27+ 0.62 252+5.0
1700— 1750 84410 —34+12 053+ 0.76 231456
1750— 1800 44405 23+12 0.51+0.81 281+5.8
1800— 1850 16+£0.2 36+1.1 0.62+0.78 307+6.1
1850— 1900 —5840.8 92417 0.85+ 0.89 247452
1900— 1950 —5540.8 02+0.9 —0.15+0.72 128+ 4.0
1950— 2000 254 0.4 23410 0.83+0.73 161+4.7
2000— 2050  —1.2+0.2 51+1.1 —0.06+ 0.43 156+ 4.0
2050— 2100 07401 -10422 100+ 1.05 109+22
collaborations. The reason for the discrepancy is extensivelyhere
searched for in the next section. Ne(W,,) = N(W,,,)A2 — NPKIY,.) (15)

The total cross section for the reactign — 77~ 7° is
shown in Fig. 5 and the cross sections for the partial waves is the background subtracted number of events with the
are listed in Tables 1 and 2. They were obtained by averaginghree—pion invariant mass betwe®gn,, — AV;’“ andW,, +
over 50 MeV/& wide W, bins using the following formula: AVZW , attributed to the channél N7, .) is the number

of background events in the same channel, obtained by the
(14) MC simulation (see also Sect. 5), whil(IV.,,) is the num-

d ’ . .
e Ag AW, ber of all selectedr*7—7° events in the appropriatd/,

— Ny (W'w) 1

Oyy—k =
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compared to trigger efficiencies deduced directly from the

o r

= 0 B + data, using the transitio#'(2S) — 7(1S)x*w~ [10]. The
140 ARGUS two trigger efficiencies were consistent within the statistical
120 - + W—»T[+1T'T[0 errors of the limitedr'(2S) data sample.

Clg 100 & + The dependence of the results on the choice of the initial
F E photon form factors was checked by varying them from a
B 80 constant value to a—pole form factor. This resulted in a
é 60 [ + ++ 3% contribution to the systematic error of the two—photon
S w0 E + widths. The effect of variation of the parameters in the Breit—

F 4, 4+t ARS 4+ Wigner formula was also tested. In particular, by choos-
20 4, H T, = L, ing di izati

F ing different parametrizations of the momentum dependent
O ‘1 * 1‘2 L 1_4 L ‘1.é L ‘1_‘8‘ ‘ ‘2* a(1320) width we obtained a 5% effect on the extracted

value of I, (a2). Taking different expressions for the form
m(3m) [GeV/d] factors in the transition amplituded, had, on the other
_ . _ hand, no sizeable impact on the results of the partial wave
Fig. 5. The totalyy — #*w~x" cross section. The errors shown are . A . . .
statistical only. Note that care had to be taken when adding up differentanalyss' Slm"arl_y' the effect of different event selection cri-
contributions because the errors on the cross sections for particular partid€fia on the fractlons}\i was found to be only 2% and thus
waves in the saméV.,, bin are correlated negligible.
The maximum likelihood analysis was extensively tested
. ) ) on Monte Carlo generated events. Samples of different
interval. Acceptancesy, for the partial waves, determined (j* j.) and isobar composition were generated and anal-

by the simulation of the detector performance, are of theysed in the same way as the measured data. In all cases the
order of few percents and vary smoothly with the three-pioninput data were correctly reproduced.

invariant mass. Note that the errors quoted in the Tables 1 |y order to verify the presence oft and f, in the final

and 2 are statistical only and do not include the systematigtate, the measured two—particle invariant mass distributions
uncertainties. were compared to the results of the partial wave analysis
(Fig.6). The agreement is good within the statistical ac-
) ) ) o curacy. Angular distributions, shown in Figs.7 and 8, are
5 Estimation of systematic uncertainties strongly affected by the detector acceptance. Nevertheless,

. . we can use them to at least qualitatively distinguish between
A major part of the analysis was devoted to the study of SySyhe yarigus partial waves. For example, the measured distri-

tematic errors. In what follows, some of the aspects involved, tion of cod(p*) (Fig. 7) clearly prefers the~-helicity 2

are discussed. ‘D g .
component of the/ = 2" wave to they~-helicity O
In order to check the acceptance for photons that Wa%omgonent. () Y y

calculated from the Monte Carlo simulation of the calorime- A major source of uncertainty in the determination of

ter, an independent analysis was performed, making use of (., (1670)) could come from the interference between
events yvh_er(g onl)i o_ne final-state photon in the reaction, o decays of an intermediate () state intopr and for

VY oM > w2y Was detect&ﬁTo this photon & 31" The ‘available number of events did not allow for a

mass was attributed that was equal to#fienass. The pho- girect determination of the relative phase. Instead of that, the

ton momentum was readjusted to obtain a minimal value foloqninution to the overall systematic error was estimated

>~ ps. In addition, a kinematical criterion was introduced in by performing a threefold analysis of the data, assuming

/ 0 +, _— .
order to suppressy — 1’ — poy — m my events. ltre- jneaharentf,r0 andp* ¥ decay modes, a coherent addition
moved events outside a circle of radius 250 Mé\doound of f,7° and p=7F, or a coherent subtraction of the two

: - : 0 — 0 ' -
the p mass value in a two-dimensionafz’ vs. m~7° in- -~ \yg 3150 found out that due to the small number of events

variant mass space. The ana_lysis was then performed in @ 1o (0, 0) wave (see Fig.4) the impact of the possible
manner similar to the case with two detected photons, anghirference between the 20) and (0, 0) waves on the

the measured and simulated ratios of one—photon to tWOTaxtractedyrz(167O) two-photon width is negligible.

photon events were found to be equal within the statistical 1o effect of background sources on the partial wave
errors. . , . o . analysis was checked by simulating the two main sources
The reactionyy — 7' — mn—y itself is interesting ¢ packground. In the case ofy — r*r—7%7° with two
from the point of view of the trigger efficiency determina- ,,nt4ns undetected, almost the entire background migrated
tion. The triggering of that reaction is done by the chargedi;, e isotropic channel. This is conceivable because through
pions in the final state [10], therefore it is expected 0to beihe loss of two photons the correlations in #ife~ channel

very similar to the triggering of our reactiony — 77~ 7°.  hecome weak. The second most important background re-
The two-photon width of)’, measured by ARGUS experi- sulting from the channe}y — =*7—x° where one photon

ment [12] is in a perfect agreement with the world averageig |ost and replaced by a calorimeter noise hit, does not cause
[16]. This is an indication that the program, used to deter

) . - . “**""problems in the analysis. Such events behave very much like
mine the trigger efficiency, properly simulates the real trigger;p, unaffectedy — 77— 7° signals. Again, this is to be ex-

conditions. The simulated trigger efficiencies have also bee'bected since the energy of the lost photon is most likely low,
- . 0 X X :
2 Note that such events were used to obtain the first measured value fo®Nd information about the” momentum is carried mainly

Iy (az) [19]
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400 150 Table 3. List of estimated systematic errors on measured two-photon width
r a) L }L of the a»(1320) and on upper limits of the,(1670) radiative width
<G 300|~ L Estimated value (%)
S 100~ 72(1670)
[0) [ i a2(1320)
= 200 i pr for
@ r ¥ 5ol Relative pr—fom phase - 58  20.0
= 1001 H L Branching ratios 4 12.7 5.7
Z r + i Resonance parametrization 5 5 5
r ‘ ‘ ‘ 7 + +‘++ ‘ ‘ ‘ Variation of |Ay|?'s 4 10.2 8.2
0 L L1l L1l L1 L 0 L L1l L1l L1l 11 . .
02 04 06 08 1 1202 04 06 08 1 1.2 _?‘?tecmr _s'mlu't"’_‘t'on 75
rigger simulation
m(rm) [GeV/ CZ] ~yy-vertex parametrization 5
120 60 Background contribution 3
[ i Selection criteria 2
— [ F Integrated luminosityt 1.8
(\k;-’ 90 E 10 ~~ luminosity function 2
v r r > 13 21 25
= 60 r
Te] [ L
S 20 or
= r r low—mass interval as it is indicated by the dotted line in
r oL, My Fig. 3. We varied the fractions
0.5 1 1.5
(27,00 — pExf
m(rm) [GeV/d] 2 0) — f
Fig. 6. Measuredm(nn) distributions (crosses) for the events withr 3 isotropic — atr— o,

invariant mass between 1.05 and 1.45 Gé\Wapper row) or 1.45 and
1.90 GeV/é (lower row). Figuresa andc display invariant mass distribu- while all other waves were excluded from the likelihood
tions of =70 combinations (two entries per event) while figuteandd method in this reduced model. Upper limits, obtained with
;how th_e distributions f(_)r charged pion pairs. Histograms indicate (?ﬁstribu-the reduced model range from 0.55 to 0.91 keV (Table 4)
tions, simulated according to the results of the partial wave analysis of the . . ’
measured sample depending on which of the two decay channels we used and
what was the assumed interference between the channels.

N/O.1 These values are still lower than the values, extracted from
P the two previously published observations [16]. The CELLO

1 : collaboration, for example, obtaindd,, (72(1670)) = 13 +
0.3+0.12 keV for the incoherent addition of ther and for
amplitudes, I’ (72(1670)) = 08 + 0.3 + 0.12 keV for the
coherent addition and, ., (m2(1670)) = 15£0.5+£0.12 keV
for the coherent subtraction.

However, we found no good reason to use the reduced
model. The likelihood function increases significantly if we
vary all the fractions as described in Sect. 3. For example,
the one—dimensional angular distributions in Fig. 8 show that
the reduced model describes the data significantly worse than

150f
100}

50|

0 +
coH(p?)
Fig. 7. Polar angle distribution of the®#° pairs for the part of the se- the full model: thexz for the distribution obtained by the full

lected sample with .05 GeV/c? < m(3r) < 1.45GeV/c? (see Fig. 2 for P .
the definition of the angle). The dater¢sseyare compared to the distribu- model analySIS is 31.6 per 20 degrees of freedom, while the

tion of the simulated sampléiStogran), containing fractions of particular XZ,S for the reduced model distributions range from 39.2
partial waves in proportions, obtained by the maximum likelihood method.t0 51.3. In addition, the full model was always able to
Also shown are expected distributions for thé (2) — pr (full line) and  correctly reproduce simulated mixtures of different partial
(2*,0) — pm (dotted ling channels as well as for the*=~ 0, distributed  waves. Therefore we exclude the possibility that a signifi-
isotropically in the phase spacdashed ling cantm,(1670) signal in the data could have been assigned
to the wrong partial waves in the results of the maximum

by the detected photon. Other sources of background are tolclnke“hOOd method.

weak to have any effect on the results.

The contributions from the main sources of systematic )
errors are listed in Table 3. 6 Conclusion

At the end of Sect. 4 we stressed that our upper limit on
I, (m2(1670)) contradicts results of the two previous mea-We performed a partial wave analysis of the reactjgn—
surements. Searching for the reason of the disagreement be*7r—7°. Using a maximum likelihood method we obtained
tween their and our observations we repeated the analys& valuel’,,(a2(1320)) = 096 & 0.03(stat)t 0.13(syst) keV
roughly following the method of the CELLO collaboration for the radiative width of the tensor mesap(1320). This
[3] which also analysed the*r—7° channel. We extrapo- confirms the former world average with a precision, compa-
lated the contribution of the {22) — pm wave from the rable to the error on the combination of all previous results.
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Table 4. Upper limits onm,(1670) two-photon width as determined by the reduced model

Assumed interference between
the pw and fom channels

Decay channel used to  Upper limit on
extract the upper limit I",. (72(1670)) (90% d.)

No pm 0.91 keV

interference for 0.55 keV

Positive pT 0.75 keV

interference for 0.56 keV

Negative pm 0.83 keV

interference Jforr 0.66 keV
N/0.1

tion of the m»(1670), an upper limit ofl’,(m2(1670)) <
0.19 keV (90% d.) is obtained for the two-photon width of
this resonance.

The upper limit is in contradiction with the previous ob-
servations. An important part of the analysis was devoted to
the investigation of systematic errors which could be the rea-
son for the discrepancy. The estimated uncertainties are by
far too small to accommodate our findings with the surpris-
ingly high results of the two previous experiments [20, 21].

cos(f,)

Fig. 8. Polar angle distribution of the* =~ pairs for the measured eventsin Michel, and W. Reinsch for their competent technical help in running the
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