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Using the CLEO Il detector operating at the Cornell Electron Storage @&ES$R e*e™ collider, we have
measured the structure functions in the decay- =" #°7%v_, based on a sample corresponding to 10f
producedr-pair events. We determine the integrated structure functions, which depend only on the three pion
invariant mass, as well as the structure functions differential in the Dalitz plot variables. We extract model
independent limits on non-axial-vector contributions from the measured structure functions as less than 16.6%
of the total branching fraction, at the 95% confidence level. Separating the non-axial-vector contributions into
scalar and vector contributions, we measure that scétargors contribute with less than 9.4%.3% to the
total branching fraction, at the 95% confidence level.

PACS numbse(s): 13.25.Jx, 13.35.Dx, 14.40.Cs, 14.60.Fg

I. INTRODUCTION CLEO [4], obtained a slightly improved description when
including ana; meson, but found that the most significant
The hadronic structure in the decayS—# 7 7 v,  improvement came about from accounting for a threshold
andr™ — ¥ 7%7%v has been the focus of several studies ineffect in the mass-dependence of the width due to the
recent year$1-5]. In most of these studies, models are em-opening of thea, —K*K decay channel. Similarly, models
ployed to characterize the hadronic structure. As datattributing structure in the 8 Dalitz plot distributions solely
samples have grown, revealing new and complex featuresp decay amplitudes associated with— p7 were found to
the models used have also become more complicated. Foe insufficient by ARGU$2] and CLEQ[4], who see indi-
example, simple models assume the 8ass spectrum in cations of isospin zero contributions, froni,(1270),
these decays can be described by a single resonance, thg1370) andf,(400—1200) (e.g., ¢) meson production.
a,(1260) meson. DELPHI3] found it necessary to include a The models used are not unique, as significant variations in
radially exciteda; meson, thea; meson. Subsequently, their form and content can lead to similar features in the
distributions of observable quantities. In addition, no model
has so far given a fully satisfactory description of the data.
*Permanent address: University of Texas—Pan American, Edin- Thus, although the studies done so far have improved our
burg, TX 78539. knowledge, we still do not have a clear picture of the had-
TPermanent address: Yonsei University, Seoul 120-749, Korea. ronic dynamics inr decay to neutrino plus three pions. Fur-
*pPermanent address: University of Cincinnati, Cincinnati, OHthermore, it is difficult to compare results from different ex-
45221. periments and draw additional conclusions since each
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analysis can only be interpreted in the context of the specific n
models) considered. n z'
Kuhn and Mirkes[6] have constructed a convenient ap- z A

proach for model independent studies through the determina-
tion of structure functions. In this approach, the kinematics
of the three pions are studied in a particular reference frame.
In this frame, contributions from the production ofr3ys-
tems with different spin-parity quantum numbers are sepa- n, 4 y
rated into different structure functions, expressed in a com-
pletely model independent fashion. This approach also has
the advantage that the features in the data are condensed int
a compact form which can be used to test models, alone or in >y
conjunction with data from other experiments. So far, only
OPAL [5] has determined the structure functions, using the
decayr™ — @ w* 7~ v,. They obtained the first fully model X:A/
independent measurement of the sigmetbutrino helicity as
well as a model independent limit on non-axial-vector con-
tributions.

Here, we present a measurement of the structure functions 24
in the decayr™ — 7~ 7%y, based on 4 fb! of data col- x
lected with the CLEO Il detector corresponding tex 20° 0T3
producedr-pair events. The sample of selected events is es-
sentially the same as the one used in our model dependent FIG. 1. Definition of the Euler angles, 8, andy relating the
analysis. Consequently, we refer the reader to the article réwo reference frames(x,y,z) and §'(x’,y’,z"), both defined in
porting on that worK4] for details common to both analyses. the three pion rest frame.

The outline for the rest of the article is as follows. In the

of Kuhn and Mirkgs[6] as applied to this decay mode. In andS'(x',y’,2'), both defined in the three pion rest frame.
Sec. I.”’ we d(_ascrlbe the CLEO II detector _and the eVentrye 1o frames are transformed into each other via a rotation
selection criteria. The method used to determine the structurﬁ:]atrix parametrized by the three Euler angles3, and y
functions is discussed in Sec. IV, and the results are Preis illustrated in Fig. 1. The orientation of the reference frame

sented in Sec. V. The derived limits on non-axial-vector con- : L
N . ) X S(x,Y,2) is such that the-axis is parallel to the normal
tributions are given in Sec. VI. In Sec. VIl we describe the (x.y.2) P -

sources of systematic error. A summary and discussion of th (d1% 92)/|d1X | to the three pion decay plane and the

results follows in Sec. VIII. x-axis is parallel toﬁg, the flight direction of the third pion.
The reference frame’(x’,y’,z') has itsz'-axis aligned
Il. THE STRUCTURE FUNCTION FORMALISM with n = —(§/|(§|, i.e. the flight direction of the laboratory

] ] frame as seen from the three pion rest frame. Its azimuthal
Following the conventions of Reff6], we denote the mo-  grientation is chosen such that, the unobservable flight

menta of the three pions hy, with the momentum of the  girection of ther lepton in the three pion rest frame, lies in
charged pion given bgjs and the momenta of the two neu- the (x’,z') plane.

tral pions byqg/, (|d2/>q1]). The momentum of the total In the S(x,y,z) reference frame, using the structure func-
hadronic system is denoted y*= g/ +qg%+q4 and its in- Hons Wy and the corresponding lepton tensor combinations
variant mass waz_ Ly of Kuhn and Mirkes[6], the differential decay rate for

For the description of the hadronic physics within the 7~ — 7= 7%7%v_ can be written as follow§6]:

dI'(7—3mr,)=C(Q%) >, Ly(a,B,7,6,,Q%)Wy(Q2,s;,s,)dQ?ds,ds,dadyd cosBd cosé, with
X

G? (m?-Q%)?

P

= COS 6,
am (2m)7128 ° m2Q?

T

C(Q?) and Xe{A,B, ... |,SASB, ... ,SG}, (1)
where Gg is the Fermi constanty, the Cabibbo angle, ang| the Dalitz plot variables with;iz(qj+qk)2 (i,j,k=1,2,3j
#j#Kk). The Euler angles, 3, andy as well as the invariant mas&Q? of the three pion system have been introduced above.
The angled.. [6], which is the angle between the flight direction of théepton in the laboratory system and the direction of
the three pions in the lepton rest frame, is determined by the energy of tHepton in the laboratory frame, i.e. approxi-
mately half the energy of the incomirg e system, the energy of the three pion system in the laboratory frame, and the
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invariant mass of the three pion system. The sixteen structure TABLE I. The differentJ” states and their connection with the

functions Wy and the corresponding leptonic functiong  Sixteen structure functions/y . We denoteV, , Wsa, andWsg with
are symmetric and antisymmetric combinations of the hadrorqold-faced types in order to emphasize their role in determining the

tensorH~” and, respectively, the lepton tenddt”. With the "€
exc_eption ofl__A, LB,_ and Lga, all leptonic functionsL g J=0 JPo1+ JP=1-
vanish after integration over the angles B, y, and 6. ho ht, h? h3
Accordingly, the decay rate in a given bin @? or
(Q%,s;,s,) only depends on the structure functioig,, J=0 Wisa
Wg, andWs,. For the details on the definitions of the struc- h*°
ture functionsWy as well as the leptonic functiors, the ~ J°=1" Wsg, Wsc Wa
reader is referred to Reff6]. h**, h*? Wsp, Wsg  We, Wp, Wg

With the exception of the angle, which determines the J°=1" Wse, Wsg W, Wg Wg
azimuthal orientation of the lepton, all variables in Eq1)  h** Wh, W,

are measurable quantities in our experiment. Accordingly, i
this analysis we have to use the differential width inte-
grated overa. Performing this integral yields zero for the posed into the time-like componehf induced by pseudo-
leptonic functionssc, Lsg, andLsg (see Ref[6]). Thus,  scalar or scalar contributions, the spatial componkhtand
in our experiment the corresponding structure functionh” by axial-vector contributions, and the spatial component
Wsce, Wse, andWsg are not directly measurable. h3 by vector contributions. Table | summarizes the connec-
Equation(1) shows clearly the advantage of the chosention between the different”-states, i.e. the different compo-
reference frameS(x,y,z). The structure function®Vy de- nents of the hadronic curredt” in the reference frame
scribing the hadronic physics depend®f, s;, ands,, only.  S(x,y,2), and the structure functiona/y .
The remaining dependence on the angular observables hasThe vector and the pseudoscalar contributions are sup-
been rotated intdy. Accordingly, measurement of the set Pressed due té-parity and PCAC. Nonetheless they can
of structure functiondVy (Q?2,s,,s,) in the reference frame contr!butg. For example a polssmle reaction for the vector
S(x,y,z) yields a model independent determination of thecgntrlblu_tlon in the charged pion mode is the decay chain
hadronic physics. T —=p' v~ 7w, with the w+m§son decaying electro-
As mentioned above, the structure functiohlg are sym- ~ Magnetically to two pionso— . Reference7] esti-
metric and antisymmetric combinations of the hadron tensoffates that this decay contributes with 0.4% to the total
H~?, which on the other hand is derived from the hadronic > 7 7 7 v, decay rate, in agreement with the measured

currenth® by H#*=h#h*". In generalh* is given by[6] branghiggofraction of 0.6°/<{.8]. .In the neutral mo.de,r+0
—m v, vector contributions can occur vig-m
h#=VAF |+ V4F,+iVAF 3+ VAR, 2) mixing: 7" — ™" 7707]1/7 with the » meson transforming to a

pion via p—2y— w°. The average of the measured branch-
where the form factor$; describe the unknown hadronic ing fraction 7 — 7~ 7°%»v, from CLEO [9] and ALEPH
physics and the vectol* the known spin structure. A pos- [10] is (0.17+0.03)%. Assuming the;=° mixing to be of
sible representation is the order of 102, Ref.[7] estimates the vector contribution
in the neutral mode to be of the order of 0
o #Q,,(ql—qg)V States withJ=0 might occur via thew’ intermediate
Vi=0ai—a3—Q T state: 7*— ' “v,. Asumming that ther’ meson decays
subsequently tp 7 or o7, CLEO[4] obtained the following
Y model dependent upper limits:B(r— 7' v,—pmv,
Vlzi:qg_qg_Q#M —37r,)<1.0x10* and B(r—7'v,—omv,—37v,)
Q? <1.9x10 4 at the 90% confidence level.
©) Evidently, the sixteen structure functiokl$, are not in-
dependent from each other. They are constructed from the
V= e*P7qy,00503, hadronic currenh®, which is determined by seven real num-
bers(an overall phase is redundanThus, there must exist
Vi=q{+q5+05=Q". nine relations among the sixteen structure functions. In gen-
eral these relations are derived from
The vectorsV7', correspond to an axial-vector intermediate
hadronic statée.g. thea; meson, V4 to a vector intermedi- wpos oS rares s
ate hadronic statée.g. thep’ meson, andV/} to a pseudo- Heap Hys=h"h""-h?h*=h"h*"-h7h
scalar or scalar intermediate hadronic si@g. ther’ me- =H,s-H,z forall {a,B,7,5}. (4)
son. Accordingly, the form factor§ ; , describe axial-vector
contributions,F5 vector contributions, ané, pseudoscalar
or scalar contributions. As can be seen from E), in the  Employing these relations enables one to deduce the struc-
reference frames(x,y,z) the hadronic currerntt* is decom-  ture functionsWse, Wsg, and Wsg, despite the fact, as
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mentioned above, that the leptonic functidnse, Lsg, and IS not less than @ (standard deviationbelow the value ex-

L vanish after integration over the unobservablzimuth pected for electrons. It is classified as a muon if the track has
aﬁglea penetrated to at least the innermost layer of muon chambers

at 3 interaction lengths. Thus, we select events that contain
two oppositely charged barrel track$cgss<0.81) with

[ll. DATA SAMPLE AND EVENT SELECTION momenta between 0.688.,,and 0.9&,.,»and separated in
angle by at least 90°, of which one track must be identified

The analysis described here is based on 4-fbof e™e as an electron or muon.

collision data collected at center-of-mass energigg.4nof Clusters of energy deposition in the central region of the
~10.6 GeV, corresponding t0>410° reactions of the type  cajorimeter (cosf<0.71) that are not matched with a

e'e” — 7" 7. These data were recorded at the Cornell Electharged track projection are paired to for? candidates.
tron Storage RingCESR with the CLEO Il detectof11]  These showers must have energies greater than 50 MeV, and

between 1990 and 1995. the invariant mass of the photon-pair must lie withind” &
the 7° mass wherer is between~4—7 MeV. Thoser®
A. The CLEO Il detector candidates with energy above OH)g,,,after application of

. . _a m° mass constraint are associated with any track within
CLEO Il is a general-purpose large solid angle magnetigyo

spectrometer an_d calorimeter. Charged_par_ticle trapking is A 777070 candidate is formed from a track which has
a_ccompllshed with three Concentr_|c cyllndrlcal_dewces: “8wo associated:® candidates as defined above. If more than
six-layer straw tube array surrounding a beam pipe of radiugne combination of° candidates can be assigned to a given
3.2 cm that encloses the'e™ interaction point(IP), fol-  track, only one combination is chosen: namely, that for
lowed by two co-axial drift chambers of 10 and 51 sensewhich the largest unused barrel photon-like cluster in the
wire layers respectively. Barre]dos¢|<0.81, whered isthe 7% 7%7° hemisphere has the least energy. A cluster is de-
polar angle relative to the beam axiand end cap scintilla-  fined to be photon-like if it satisfies a 1% confidence level
tion counters used for triggering and time-of-flight measurecut on the transverse shower profile and lies at least 30 cm
ments surround the tracking chambers. The calorimeter conaway from the nearest track projection.
prises 7800 C¢Tl) crystals, arrayed in projectivéoward To ensure that these classifications are consistent with ex-
the IP and axial geometries in barrel and end cap sectionpectations fromr decay, events are vetoed if any unused
respectively. The barrel crystals present 16 radiation lengthghoton-like cluster witjcos6|<0.95 has energy greater than
to photons originating from the IP. 200 MeV, or if any unmatched non-photon-like cluster has

Identification ofr™ — 7~ 7%7°», decays relies heavily on energy above 500 MeV. The missing momentum as deter-
the segmentation and energy resolution of the calorimeter fonined using ther ™ 7%7° and tagging systems must point
reconstruction of ther®s. The central portion of the barrel into a high-acceptance region of the detectroébi;ss
calorimeter {cosg<0.71) achieves energy and angular reso-<0.9), and must have a component transverse to the beam
lutions of o /E(%)=0.35E%7+1.9-0.1E and o 4(mrad)  Of at least 0.0Bpean . _
—2.80E+1.9, withE in GeV, for electromagnetic showers.  Finally, we define ther®=° signal region to be that where
The angular resolution ensures that the two clusters of erffhe normalized invariant masses of the two photon-pairs,
ergy deposited by the photons fromwd decay are resolved S,y=(M,,—mo)/c,,, satisfies—3.0<S,,<2.0 for both
over the range of® energies typical of the decay mode 7° candidates. To estimate the contributions from faiés,
studied here. we also define side and corner band regions using5

The detector elements described above are immersed in4S,,<—-5.0 and 3.6<S,,<5.5. The final sample consists
1.5 T magnetic field provided by a superconducting solenoitf 15849 events in ther’#° signal region. The side and
surrounding the calorimeter. Muon identification is accom-corner band regions contain 1667 and 296 events, respec-
plished with proportional tubes embedded in the flux returnjyely.

steel at depths representing 3, 5 and 7 interaction lengths of The dominant backgrounds are due to mis-identification

total material penetration at normal incidence. of = decays to other final states. These background modes
o include(1) decays such as” — 7+ 7%», in which a spurious
B. Identification of candidate 7*— #* 7°a%v, decays w0 is reconstructed primarily from secondary clusters arising

The event selection is nearly identical to that used in ouffom interaction of the charged pion in the calorimet,
model dependent analydié] of the 7* — 7~ #%7%»._ decay decay modes with three or more”’s, in which the photons
. :

H 0
Here, we summarize the main features of the event selectigissSociated with the extrar are nootodetected(S) the

procedure. For additional details, the article describing thecabibbg-supgregsed _deca)fHKIWOfT v;, and (4) the
model dependent analygi4] should be consulted. modeqé T Ksv-, in which the 7™'s originate via the
To identify events as+ candidates we require the decay Ks—7 7 decay. The level of contamination from these

of the 7= (denoted as the “tagging” decayhat is recoiling ~ Packground sources is given in Table II.
against our signat™ decay to be classified age* v, or
Vﬂ“«t”u- A track is identified as an electron if its calorim-

eter energy to track momentum ratio satisfies €&3p In our model dependent analy$#], where we were only
<1.1 and if its specific ionization in the main drift chamber interested in the relative contributions of the amplitudes con-

IV. METHOD

052004-5



T. E. BROWDEREet al. PHYSICAL REVIEW D 61 052004

TABLE II. The four dominant background sources. The total ever, the selection cuts applied yield a residual anisotropy
background contribution is 12.6% leaving an additional 0.2% baCk'affecting the leptonic functionEX.

ground contribution due to multiple sources not listed here. Monte Carlo studies showed that the neglect of thir

production as well as of the initial state radiation results in a

bias in the determination of the structure functions. In both

(83+0.2)%  (3.2:0.2)% (0.5-0.1)% (0.4-0.1)% cases the bias obtained is around 2%. Although the statistical

uncertainty in our results is much larger than the effect of

pair production, we expect that future analyses will not be

sidered, we used a single entry maximum likelihood fit.limited by statistics and that pair production dynamics will

Here, we extend the single entry maximum likelihood by thebe more important.

normalization to measure the absolute rate in a given bin of For a given birj in Q2 or in (Q?,s;,S,) the normalization

Q% as well as Q?,s;,5,). As mentioned in Sec. | these rates N; in Eq. (5) is chosen to be

are determined by the structure functioié,, Wz, and

WSA' N = Nevt
The likelihood in a given bifi of Q? or (Q?,s;,s,) canbe i~ f__T

written as follows:

Fake 7 a7 37%, =K n7%, T —KgmTv,

Nevl
fselr

EXWX(Q2151 'S2)
ExWx(Qz)

Neut,j

] dyd cospd cosé,,
—2Ing;= Z

. ey f|

X

+2N;,

(5

[EXWX(QZ,Sl,SZ)]
Lywy(Q?)

(7)

where B8, v, 6,, and C(Q?) have been introduced above

where l'.\'ev;:i IS Eht? .nl{rr?]ber of events n b'n. atrr]]d ’\tl)i the . [see Eq(1)]. The total number of events is denotedNby,; .
normalization of birj. The upper expression in the braces in, partial width, I', of the 7= lepton decaying  into

Eq. (5_) is use_:d in the dete_rmlnatlon of the structure functl_onswz 7979 is given by the total idtH,o,= #/7, times the

Wy differential in the Dalitz plot, and the lower expression branching fractionB3(r* — 7 %7 ). We use the world

for the deter_mlnatlon of the structure fgngtm@ mtegrated average values OF o= (2.27+0.01x10°2 eV [13] and

over the Dalitz plot. The leptonic functions; are integrated B — = m0m% ) = (9.15+ 0.15)%[13] to determine the

over the unobservable lepton azimuthal angle: including partial width T TThe fa(.:torf .|=0 996 corrects for events
. X . -~ . . sei=0.

the 7 pair productionP and the factorized initial state radia that are outside of our selected region of 0.5 &e¥<Q?

tion fin;: . -
<275 GeV/c?, ie. 3T j="fgexT.
_ . _ _ As in our model dependent anayly$#, we account for
Lx(B.7, GT,QZ)ZJ fini(k)-P-Lx(a,B,7.6,,Q%)dxda, the four main background sources, listed in Table Il, by ex-
(6) tending the likelihood of Eq(5) as follows:

where & is the momentum of the radiated photon. For the ~£= (17 @1 0™ @an™ akan= akgn) Lsignart @1 oLt o
initial state photon spectruii,; we use the formula obtained
in Ref.[12]. Overall constant factors of thepair production

have been factored out and, accordindgtdenotes only the . - .
functional form of the r pair production with P=(1  WN€"€Lsignal IS the likelihood of the signal events, , the

T F 0 eali

respect to the beam axis. The integrals oweand « in Eq. tEe T H{: (%WO)VTb balfkgrougd,ﬁ,&m thﬁ I;iel:_f;}oo% 0]]:
(6) are evaluated numerically. ther” K7 7 v, background, and, the l elihood o

We have included the initial state bremsstrahlung in théhe 7" —Ksm™ v, background. The corresponding back-
leptonic functiond  to account for the fact that theenergy ~ 9round fractionse; are given by Table II. The likelihood
E. in the laboratory frame, needed for the evaluation of thelt o Of the fake pion background is approximated by the
angled, [Eq.(1)], is in general not given bl .= Js/2 butby  Dalitz plot distributions of events populating the” mass
E,=\s'/2, where s’ is the center of mass energy after Side bands. We model the likelihoad,, of the four pion
radiation. background with the decay(1450)—po using aSwave

The inclusion of ther pair production corrects for the fact amplitude. To estimate the systematic error arsising from the
that the (1 co46,,) distribution of ther leptons induces an large theoretical and experimental uncertainties of the four
anisotropic distribution of the momenta that lie on a cone Pion matrix element we also consider the deggy1450)
around the three pion momentum. Azimuth angles that resutt>a; = (S-wave. The integration over the lost® meson,
in ~ momenta closer to the beam axis are preferred oveheeded for the evaluation dY, ., is done numerically taking
azimuth angles further away from it. In the absence of anynto account efficiency. The background —K* 7%7%v _is
selection cuts this anisotropy vanishes after integration ovemodeled by the decay chain™—Kjv,, K;—K**7°
the orientation of ther lepton or, equivalently, the orienta- (S-wave), where theK; meson is parametrized by a super-
tion of the three pion system in the laboratory frame. How-position of theK;(1270) andK,(1400) Breit Wigner func-

+a4‘rr£477+ aKﬂ"IT‘CKﬂ"IT_l_ aKSﬂ"CKSﬁ' (8)
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6000 [rrrrrrrrrrrrr iy 10000~ T TABLE Ill. Employed binning in Q2,s,,s,) as used in the fits
_ ] _“I_i& ] differential in the Dalitz plot. The Dalitz plane is symmetrized with
4; 40001 _' <F>‘ 0: 1 '-==_ S1>S,. pepending ors,, S5 is either given by the phase.s.pace
3 i ] & . I ] boundariegsee, e.g., Ref13], Sec. 35.4.3)lor by the condition
=< 2000[- = ©_10000[ i 1”2
- 1 5 ; Bin Q2 [GeV?] s [GeV?] s, [GeVA] N;
(A B A 1 0.00-0.35  0.00-sP®* 192
~ o000 1e : TT 2 00075 935075 0o00-sp™ 204
E 50001 IT 1 E OF ‘ ] 3 0.00-0.48  0.00-0.32 527
= n = C RNE 4 0.48-0.56 0.06-0.32 575
£ of —* = 5 5 10000 E I E 5 0710 o56100 000032 492
-50005,. . .Llﬁ 20005 6 032-0.68  0.32-s;™ 512
05 1.0 1.5 2.0 25 05 1.0 15 2.0 25 7 0.00-0.53 0.06-0.40 680
Q, (GevZ/ct) 8 0.53-0.59 0.06-0.40 619
) ) 9 0.59-0.66 0.06-0.40 663
FIG. 2. The integrated structure functions,, we, wp, and 10 1.00-1.25 0.66-1.25 0.00-0.40 614
W - The filled pm_nts represent th(_e data. The smaller error bars 11 0.40-0.56 0.40- ] 645
indicate the statistical errors. The dlste_mce between the smaller and 12 0.56-0.85 0 40— sMax 667
larger error bars shows the systematic erf@ee Sec. V). The ' ) : G
solid line is the model as obtained in our model dependent analysis, 13 0.00-0.56 0.06-0.52 667
whereas the dotted line corresponds to the KS model. 14 8-:6‘8-64 88;852 272
15 .64-0.74 . 5 4
16 1.25-1.50 0.74-1.50 0.06-0.52 663
tions. Finally, ther* —Kgm ™ v, background is parametrized 17 0.52-0.66 0.52—sjax 665
by the decay chainr™—K**v_, K*:—>Kg7TI (P-wave. 18 0.66-0.98 0.52— g 640
The mass distribution for th&s— 7°#° decay is param- 19 0.00-0.61  0.06-0.57 496
etrized by a Gaussian, where the mean and the width are 20 0.61-0.73 0.06-0.57 481
taken from data. 21 150-175 0.73-0.89 0.06-0.57 442
To determine the structure functions integrated over the 22 ' ' 0.89-1.75 0.06-0.57 440
Dalitz plot variables we subdivide our data sample in nine 23 0.57-0.77 0.57—s)'a% 490
equidistant bins of Q?. The consideredQ? range is 24 077118  057-s1™ 498
0.50 GeW/c*<Q?<2.75 GeVf/c* yielding a bin width of 25 0.00-0.72 0.06-0.66 382
0.25 Ge\f/c*. In each of the nine bins we fit for the inte-  og 0.72-1.00  0.00-0.66 379
grated structure function®/,, we, Wy, andwe. In this o7 17572000 o0 500 000-066 360
case non—laxial—vector contributiong are not taken ilnto consid— 28 0.66-1.34 0.66— I~ 373
eration, since, due to the loss of information by integrating g 0.00-1.05 0.00- s 320
tc;;/ﬁ;the Dalitz plot, we are unable to resolve these contribu- 5, 2.00-2.25 1.05-2.25  0.00-sI™ 300
. max
Table Il shows in detail the binning inQd?,s;,s,) used 31 2.25-2.50 0.00-1.25 O'Oo_sﬁm 109
. . Al - 32 1.25-2.50 0.00-s, 124
to extract the structure functiohy differential in the Dalitz 33 0.00—1.20 0.00- s7%* 55
plot. In total we have 34 bins. Instead of fitting directly for 24 2.50-2.75 120-2.75 0.00- sp2 a7

the structure functiongv/y and employing explicitly the nine
relations among the structure functidrsee Eq.(4)], we in-
troduce in each bin of@2,s,,s,) seven fit parameters: the
real R(ho) and imaginary parfi(hy) of the time-like com- ~ Obtained in"our model dependent analygi$as well as the
ponent of the hadronic curreht, the real parfi(h,) of the ~ model of Kihn and Santamarigl 4] (KS) are shown in Fig.
x-component, the reak(h,) and imaginary parfi(h,) ofthe 2. The observed steep falling of the structure function
y-component, and the re&t(h;) and imaginary parfi(hs) aroundQ?=2 Ge\?/c* which might be an indication of
of the zcomponent. The imaginary part of thecomponent  the K*K threshold opening, is well reproduced by the fit
J(h,) is chosen to be zero. From the measured hadronigbtained in our model dependent analydis The KS-model
currenth” in a given bin of Q2,s;,s,) we then calculate the [14], which does not include thiK*K threshold in the total
structure functiondiy taking into account the full covari- width of the a; meson Breit Wigner function, falls less

ance matrix for the error evaluation. steeply aroun®?=2 Ge\?/c?, as can be seen from Fig. 2.
Owing to the large statistical errors obtained on the structure
V. MEASUREMENT functionsw¢, wp, andwg the comparison of the fit results

and the models is not very conclusive for those three func-
The fit results obtained for the integrated structure func+ions.
tionswpu, We, Wp, andwg in comparison with the model The fit results for the axial-vector part of the hadronic
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FIG. 3. The real and imaginary parts of the axial-vector induced 0 5 10 15 20 25 30
Bin Number

components of the hadronic current as measured in our fits differ-

ential in the Dalitz plot. For the definition of the bin number the  F|G. 5. The axial-vector induced structure functiohs, W,

reader is referred to Table Ill. The filled points represent the dataw/, , and W as obtained from our fits to the real and imaginary
The smaller error bars indicate the statistical errors. The distancgarts of the hadronic current. For further explanations see com-

between the smaller and larger error bars shows the systematic &frents in caption for Fig. 3.
rors (see Sec. VI The solid line is the model as obtained in our

model dependent analysis, whereas the dotted line corresponds to . . . . .
the KS model sured hadronic current including the full covariance matrix.

The results obtained on the axial-vector induced structure
functions W, W, Wp, and Wg are shown in Fig. 5
. . 2 . . A C» D> E ’
current(Table ) in bins of (Q%,s,,S,) are shown in Fig. 3. \yhareas Fig. 6 shows the non-axial-vector structure func-

The measured non-_axal-vector contributions of the hadron"fions Wg, Wsa, War, andWsg. The structure functions
current are plotted in Fig. 4.

A ioned in Sec. IV derive th f .__that have their origin in the interference between the vector
W Z_frpenthn:e_ mh e([:). it WT erve ::)Ie stfructure unction, 4 axial-vector contributions of the hadronic current as well
x differential in the Dalitz plot variables from our mea- 54 the gnes due to the interference between the scalar and
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FIG. 4. The real and imaginary parts of the non-axial-vector FIG. 6. The non-axial-vector induced structure functidg,
induced components of the hadronic current as measured in our fitd/s,, Wsg, and Wgg as obtained from our fits to the real and
differential in the Dalitz plot. For further explanations see com-imaginary parts of the hadronic current. For further explanations see
ments in caption for Fig. 3. comments in caption for Fig. 3.
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FIG. 7. The structure functionsWg, Wg, W,, and FIG. 8. The structure functiondVgg, Wsc, Wsp, and

W,—induced by the interference between the vector and axialWsg—induced by the interference between the scalar and axial-
vector components of the hadronic current—as obtained from ouvector components of the hadronic current—as obtained from our
fits to the real and imaginary parts of the hadronic current. Foffits to the real and imaginary parts of the hadronic current. For
further explanations see comments in caption for Fig. 3. further explanations see comments in caption for Fig. 3.

axial-vector components of the hadronic current are plottedvhere the first error is statistical and the second error sys-
in Figs. 7 and 8, respectively. tematic. The individual contributions to the systematic error

The KS-model[14], as can be seen from Fig. 3, fails to are:_t_o.29% due to efficiency+0.06% due to Monte Carlo
describe the details of the hadronic current component§tatistics,=0.03% due to the energy scale of the photons,
2M(h,;) and R(h,). This discrepancy between the data angand t.0.0l% dug- t_o background. With this we obtain the
the KS-mode[14] is also reflected in the functiond/, and  following upper limit;

W¢, shown in Fig. 5.

As illustrated by Fig. 4 and, correspondingly, by Figs. 6, B(r" =S v.— 7 7%7%))

7, and 8, we do not measure significant scalar or vector con- - ~ 0 o 9.4% at 95% C.L.
tributions. The null hypotheses for scalar and vector contri- B(r* —a*mmy,)
butions as well as for scalar and vector contribution com- (10

bined yield significances below three standard deviations in ) o
all three cases. Using the measured contributions of the vector compo-

Tables summarizing our results on the structure function§entsR(hg) andJ(h;) we measure the branching ratio for
as well as on the hadronic current components are availabMector contributions to be
on the Www!

0

B(r" =V v,—» 7" 7°7%),)

= — % =(4.2+£1.9+0.2%,
VI. LIMITS ON NON-AXIAL-VECTOR CONTRIBUTION Blr"—m mmy.) 11)
The fit results on the scalar components of the hadronic

current, i.e. the time-like componenf&(hy) and J(hy),  where the first error is statistical and the second error sys-
yield the following branching fraction for scalar contribu- tematic. The systematic error is given by the quadratic sum

tions: of a =0.15% contribution due to efficiency,£0.10% con-

tribution due to Monte Carlo statistics,0.02% contribu-

o B tion due to the energy scale of the photons, antd®01%
B(r*—=S v,—a w7 ) contribution due to background. The upper limit on vector

T .00 =(5.2£2520.3%, (9 contributions is
B(rm—m m my,)

0

B(r" =V v, -7 7%7%))

<7.3% at 95% C.L.

see http:/iww.Ins.cornell.edu/public/CLEO/analysis/results/tau- B(rm—m* 00 v,)
struct/. (12
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Combining the results on the scalar and vector compoand the invariant mass of the three pions. Since our likeli-
nents of the hadronic current we obtain the following branch-ood is normalized to the world average branching ratio
ing ratio for non-axial-vector contributions: [13], the error in the overall efficiency does not affect our

measurement. Accordingly, we only account for relative
changes of the efficiency.
_ - =(9.4+ 4.4+ 0.4%, Background: The amount of _bac_kground as well as 'ghe
B(r"—a " 7%7%,) background models used in the likelihood have uncertainties.
(13)  The systematic error associated with these uncertainties have
been estimated by varying in the likelihood function the
where the first error is statistical including the correlationshackground contribution and, in case of the four pion back-
between the vector and scalar contributions and the secongiound, also the model, i.61) p(1450)— pa, (2) p(1450)
error systematic. The systematic error is given by the qua-. a, 7, and(3) combinations thereofsee Sec. IV.
dratic sum of the Systematic error ©f0.30% from the scalar Photon energy scale: The energy scale of the photons that
contribution and the systematic error 6f0.18% from the  form the neutral pions has an uncertainty of around 0.3%.
vector contribution. The upper limit on non-axial-vector con-The resulting systematic uncertainty in our measurement has
tributions is been estimated by rescaling the energies of the neutral pions
by 0.3% and refitting our data.

In addition to the systematic uncertainties listed above,
_ — we also have an uncertainty due to the finite detector resolu-
B(r*— " m°7%,) tion. Refitting our events including the error matrix on the
charged track and the photoiscaled by a factor of four
showed that this source is negligible compared to the other
sources and has, therefore, not been taken into account. This
is consistent with our findings of our model dependent analy-

B(7" —[non-axial* v,— 7 707%v,)

0

B(r*—[non-axial “ v,— 7 w7 )

<16.6% at 95% C.L. (14

The corresponding upper limit obtained by the OPAL

Collaboration[5] is sis [4].
oAV, o In general all five sources result in systematic errors that
r (r"—m 7 7 v, 26.1% at 95% C.L have roughly the same order of magnitude. However, the
Mol —a o 7)) ' o errors due to the overall normalization and the Monte Carlo
(15  statistics yield the largest systematic uncertainty for most of
the bins.

The systematic errors obtained are shown in Figs. 2, 3, 4,

VIl. SYSTEMATIC ERRORS 5, 6, 7, and 8 as extensions to the error bars.

We consider the following sources of systematic errors:
Overall normalization: As mentioned in Sec. IV, we nor-
malize our likelihood to the world average branching ratio of Vill. SUMMARY
E(T+_).7T+7TO.7TOVT):(9'.1&0'15)%' The error on the \yo have measured the integrated structure functigns
ranch!ng ratio result.s. in an overall systematic error of OurWC, Wp, andwg . In addition, we determine the seven non-
normalization. In addition, the extrapolation of our measure..1 real and imaginary components of the hadronic cur-
ment into the regions Q?<0.5 GeV/c* and Q2

. - 2 . _
~2.75 GeV/c?, i.e. the uncertainty ofi.q, in Eq. (7), also rent in bins of Q<,s;,S,). The results obtained on the had

. A . ronic current enable us to determine all sixteen structure
ylelds an error on our normalization. We conservatively e.STunctionsWX differential in the Dalitz plot. No significant
timated this error to be as large as the error on the branching " .-\ o0+ contributions have been found.
ratio. Accordingly, we have an overall systematic error on all
structure functions of 3% and, in case of the hadronic cur-
rent components, an overall systematic error of 1.7%.

Monte Carlo statistics: The limited statistics in the calcu-
lation of the normalization integrals of the likelihood func-  We gratefully acknowledge the effort of the CESR staff in
tion for the different bins inQ? as well as in Q?,s;,s,) providing us with excellent luminosity and running condi-
results in a systematic error of our measurement. We estiions. J.R. Patterson and I.P.J. Shipsey thank the NYI pro-
mated this error by subdividing our Monte Carlo sample,gram of the NSF, M. Selen thanks the PFF program of the
which has approximately ten times the size of our dataNSF, M. Selen and H. Yamamoto thank the OJI program of
sample, in six independent sub-samples. The variation in thBOE, J.R. Patterson, K. Honscheid, M. Selen and V. Sharma
fit results obtained are used as an estimate for this error. thank the A.P. Sloan Foundation, M. Selen and V. Sharma

Efficiency: The not fully accurate detector simulation of thank the Research Corporation, F. Blanc thanks the Swiss
the efficiency of the momenta of the three pions and theNational Science Foundation, and H. Schwarthoff and E. von
angle between the pions as well as the invariant mass of theoerne thank the Alexander von Humboldt Stiftung for sup-
three pions can also effect our measurement. We estimafeort. This work was supported by the National Science
this uncertainty by reweighting our events as a function ofFoundation, the U.S. Department of Energy, and the Natural
the momenta of the three pions, the angle between the pionSciences and Engineering Research Council of Canada.
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