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Abstract

We have measuredhe branchingratio BR(¢p — 7%7%y) with the KLOE detectorusinga
sampleof ~5 x 107 ¢ decaysy mesonsareproducecat DA®NE, the Frascatip-factory
We find BR(¢ — 707%y)= (1.09 £ 0.03. £ 0.05.5) x 104 Wefit thetwo—pionmass
spectrunto modelsto disentangleontributionsfrom varioussources.
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Thedecayy — 797"y wasfirst obsenedin 1998[1]. Only two experimentshave
measuredts rate [2,3]. The measuredateis too large if ¢ — f,(980)y, with f, —
797%, werethedominatingcontribution and f,(980)is interpretedasa ¢g scalarstate[4].
Possibleexplanationdor the f, are:ordinaryqg mesonggqg state, K K molecule[5-7].
Similarconsiderationapplyalsoto thea,(980)meson.Thedecayy — 7’7"~y canclarify
this situationsinceboththe branchingratio andtheline shapedependon the structureof
the f,. We presentin the following a study of the decay¢ — 77"y performedwith
the KLOE detector[8] at DAPNE [9], anete  collider which operatesat a centerof
massenegy W=M, ~ 1020 MeV. Datawerecollectedin theyear2000for anintegrated
luminosity L;,; ~ 16 pb~!, correspondingo around> x 107 ¢-mesondecays.

The KLOE detectorconsistsof a large cylindrical drift chamberDC, surrounded
by a lead-scintillatingfiber electromagneticalorimetey EMC. A superconductingoil
aroundthe EMC providesa 0.52T field. The drift chamberf{10], 4 m in diameterand
3.3mlong, has12,582all-sterectungstensensaviresand37,746aluminumfield wires.
The chambershellis madeof carbonfiberepoxy compositeandthe gasusedis a 90%
helium, 10% isobutanemixture. Thesefeaturesmaximizetransparengto photonsand
reduceK; — Ky regenerationand multiple scattering. The position resolutionsare
04,~150 um ando,~ 2 mm. The momentunresolutionis o(p, )/p. ~ 0.4%. Vertices
arereconstructedvith a spatialresolutionof ~3 mm. The calorimeter[11] is divided
into a barrelandtwo endcapsfor a total of 88 modules,and covers 98% of the solid
angle.Themodulesarereadout at bothendsby photomultipliersthereadoutgranularity
is ~4.4x4.4cm?, for atotal of 2440cells. Thearrival timesof particlesandthepositions
in threedimensionof the enegy depositsare obtainedfrom the signalscollectedat the
two ends. Cells closein time and spaceare groupedinto a calorimetercluster The
clusterenegy F is the sumof the cell enegies. The clustertime 7' andposition £ are
enegy weightedaverages.Enegy andtime resolutionsareor/E = 5.7%/\/ E (GeV)

ando, = 57 ps/y/E (GeV)®50 ps, respectrely. TheKLOE trigger[12] usescalorimeter
andchambeinformation.For this analysisonly the calorimetersignalsarerelevant. Two
enegy depositswith £ > 50 MeV for thebarreland £ > 150 MeV for theendcapsre
required.

Promptphotonsare identified as neutral particleswith 3 = 1 originatedat the
interactionpointrequiring|7’ — R/c| < min(507, 2 ns), whereT is thephotonflight time
and R the pathlength; o1 includesalsothe contritution of the bunchlengthjitter. The
photondetectiorefficiengy is ~ 90% for E,=20MeV, andreached00%above 70 MeV.
The sampleselectedy thetiming requirementontainesa < 1.8% contaminatiordueto
accidentatlustersfrom machinebackground.



Tablel: Backgrouncchanneldor ¢ — 7979,

Channel S/B  RejectionFactor Expectedevents

W 0.80 8.7 339 + 24
nwy 3.52 4.0 166 + 16
ny 0.027 5.9 x 103 159 + 12

1 Event salection

Two amplitudescontrituteto ¢ — 7°7%y: ¢ — Sv, S — 7%7° (Sy) and¢ — p°7°,
o’ — 7% (pr) whereS is a scalarmeson.Theventselectioncriteriaof the ¢p — 7070y
decayqnry) have beendesignedo give similar efficienciesfor bothprocessesThefirst
step,requiringfive promptphotonswith £, >7 MeV andf > 0,,;, = 23°, reduceghe
sampleto 124,575events. The backgroundlueto ¢ — Ks K7, is removedrequiringthat
Eiot = Y5 E,; andpiy = > 5 P, ; Satisfy Ei,, >800MeV and |p;..| <200 MeV/c. We
areleft with 15,825events. Otherreactionswhich give riseto backgroundare:ete= —
wr? — 770 (wr), ¢ — 'y — 5y (nwy) andg — ny — 37y () with 2 undetected
photons.Theratio betweensignalandbackgroundatesis evaluatedfor theseprocesses
usingthe crosssectionameasuredn the samedatasamplg/13,14]andlistedin Tah 1.

A kinematicfit (Fitl) requiring overall enegy and momentumconseration im-
provesthe enegy resolutionto 3%. Photonsare assignedo 7%’s by minimizing a test
x?-function (x2,) for boththe 7wy andwr cases.For thewr casewe alsorequire M.,
to be consistentvith M,,. The correctcombinationis foundby this procedure89%,96%
of thetime for the n7y, wr caserespectrely. Goodagreemenis foundwith the Monte
Carlosimulation,MC, for thedistributionsof the x? andof theinvariantmassesA sec-
ondfit (Fit2) requiresthe masse®f v pairsto equal M. wr is thelargestbackground
to 77y andthe correspondindevel of contaminatiormustbedetermined Similarly, 7wy
decayis the mostrelevant backgroundo w=. The relative fraction of thesedecaysare
evaluatedby an iterative procedure.The 77y simulationassume®nly the S+ process
with a7’7” mass(m) spectrunconsistentvith the data.In this paperwe usethe symbol
M... to denotethereconstructedalueof m.

The searchof ete — wr’ — 7%7%y retainseventssatisfying x*/ndf < 3 and
AM,, = |[M., — M,| < 30, usingFit2 in the wr hypothesis.Dataand MC arein
goodagreementFig. 1.a-b). The | cos | distribution, where is the anglebetweeny
andr" in the 7’7" frame,is shovn in Fig. 1.c. Somedisagreemerit seenatlargevalues
of |cos®|. Subtractingthe MC backgroundand integratingfor | cos /| <0.8 we count



1000
» Data

— MC (S+B)
I MC (Bckg)

1000 - (b)

I
-20 -15 -10 -5 0 5 10 15 20

(MM /o

®

500 | + (©)

! 1 1 o P P P s iy e IR PP
0 01 02 03 04 05 06 07 08 09 1

[cosy|

Figurel: Data—MCcomparisorfor wr events:(a) x*/ndf; (b) AM.,.., /o, with x?/ndf <
3; (c) | cos | distributionwith x?/ndf < 3 and|AM,,|/o,, < 5.

2821459 events. Accountingfor efficiengy (e, = 38.2%) andnormalizingto L;,; we
geto(wm) = (0.46 £ 0.014, = 0.034 ) nb. The systematicerror accountsfor the
discrepang with the MC for | cos /| > 0.8 andfor theerroron the determinatiorof L,
(2%).

After removing thewr candidatesp — 7’7"y eventsmustsatisfyy? /ndf < 3 for
Fit2 in the 77y hypothesis.We alsorequireAM,, = |M,, — M,| < 50, usingthe
photonmomentaof Fitl. Backgroundrejectionfactorsaregivenin Tah 1. The signal
efficiency is €,., ~ 40% andis shavn in Fig. 2 asa functionof A,... The pr process
shows similar behaiour. Fig. 3 shavs variousdistributionsfor the 3102eventstogether
with MC predictions. The angulardistributions prove that S+ is the dominantprocess.
Subtractingthe backgroundof Tah 1, 2438+£61 ¢ — 7’7y eventsremain. Their M,
spectrunis shavnin Fig. 4.

The systematicuncertaintyon the numberof 77~y eventsoriginatesfrom several
effects,listedin thefollowing. Theerrorontheselectiorefficiencgy of five promptphotons
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Figure2: Efficiengy vs 7°7° invariantmassfor ¢ — 77y events. Individual contritu-
tionsarealsoshown.
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Figure 3: Data—MC comparisorfor ¢ — 7’7’y eventsafter wr rejection: (a) y?/ndf;
(b) (M., — M,)/o, with x*/ndf < 3; (c, d) angulardistributionswith all analysiscuts
applied.d is the polarangleof theradiatve photon, is the anglebetweernthe radiatve
photonand~? in the 7 restframe.

is relatedto the simulationaccurag in describingthe clustering. Froma control sample
of o — 1y — 7°7%7% events,by comparingthe crosssectionobtainedusing 7 or
6 + 7 reconstructedlustersin thefinal stateandextrapolatingto five clusterswe obtain



arelative systematicerror of 1%. Residualeffectsdueto analysiscutswerechecled by
varyingthed,;, andA M., cutsby +1° and+10, respectrely; from theresultswe obtain
a 2.0%systematiancertainty

2 A modd for the spectrum of M.

In orderto fit any modelto the data,all effectsdistortingthe obsened massspectrum
Sobs (M) mustbefoldedinto theshapepredictedby themodel.In our casethisinvolves
the massresolutionand the effect of incorrectphotonassignments.Our experimental
responsdunctionis determinedor afinite numberof massvalues.
The model spectrumf(m) is taken asthe sumof Sy, pr andinterferenceterm,
f(m) = fs,(m) + for(m) + fie(m). Thescalartermis [4]:
B 2m? Fysylgroq0 1

fsy(m) = T |Dg|? F_¢ (1)

The¢ — S~ processs estimatedy meansf a K+ K~ loop for the f:

2 2 2 2 2
Ihr+k-9ox+x- |g(m)]* [(Mg—m
r = =0 : 2
whereg,x+ k- andgy, x+ k- arethecouplingsandg(m) is theloop integral function.

A recentmeasuremerjiL5] reportsthe existenceof ascalaro with M,, = (478%23+
17) MeV andl’, = (32411 +21) MeV. If weincludethecontritution of this mesonwith
a g0~ coupling[16], we get:

2 92 1 M2 — m2 3
Tgor(m) = =220 — (22— ) . 3
o) = o 312 < 2)M, ) )

['gr00 IS givenby:

1 927r T 4M72
FSﬂ-Oﬂ-O (m) = é FSﬂ—Jrﬂf (m) = % 1— m2 . (4)

For the inversepropagatarDg, we usethe formulawith finite width correctiong4] for
the f, anda Breit Wignerfor the . The parametrizatiorof Ref.[17] hasbeenusedfor
the pm andtheinterferencaerm.

3 Reaults

Two differentfits have beenperformedon Squs(M-~) varying fs,(m): in Fit (A) only
the f; contribution is consideredvhile in Fit (B) a mixing of f, ando mesondgs used.
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Figure4: Obsenedspectrumof 77 invariantmassbefore(a) andafter (b) background
subtraction.

The massandwidth of the ¢ werefixedto their centralvalues. If the normalizationof
the pr termis left free duringfitting, its contribution andthe relatedinterferenceterms
turn out to be negligibly small. WhenBR(¢ — p'7° — #%7%) is fixedat 1.8 - 10~°
asin Ref.[17], the x?/ndf increasedy morethana factorof 2. The fits without the pr
contritution areshovn superimposedvertheraw spectrumn Fig. 4.hb

SinceFit (B) agreeswvell with the data,it hasbeenusedto unfold S, (M., ). For
eachreconstructednassbin, theratio betweenthe theoreticalandthe smearedunction,
SF(M,,),is calculated Thenormalizedifferentialdecayrate,dBR/dm = (1/T")dI"/dm,

is thengivenby:
dBR  Sops(Mzrr) 1

dm  SF(Mgyz) Ling X 0(¢) X AMyr ®)
For the normalization the ¢ productioncrosssection,o(¢), wasobtainedfrom the p —
ny — vy decayin the samesample[14]. Thevalueof dBR/dm asafunctionof m is
givenin Tah 2 andshowvn in Fig. 5; therelative errorsaregivenin Tah 3.
Integratingover thewhole massrangewe obtain:

BR(¢ — 77%) = (1.09 £ 0.034a 3 0.0355 & 0.04p00m) x 1074 (6)



Table2: DifferentialBR for ¢ — 7%7%y. m is expressedn MeV while dBR/dm is in
unitsof 10® MeV *. Theerrorslisted arethetotal uncertainties.

dBR dBR

m dm m dm

290 20+£29 670 11.2+19
310 22+14 690 11.0+£1.9
330 3.0+1.5 710 125+ 1.9
350 09+1.3 730 14.0 £ 2.0
370 29+14 750 17.3+£23
390 22+1.3 770 17.0£24
410 14+1.1 790 19.4 £ 25
430 1.8£1.0 810 274+ 3.1
450 1.9£0.8 830 29.2+3.2
470 1.14+£0.5 850 30.6 £ 3.2
490 0.54+0.2 870 41.7 £ 3.8
510 0.24+0.1 890 39.6 £ 3.6
530 0.34+0.2 910 44.6 £ 3.8
550 1.3+£0.5 930 53.6 +4.4
570 3.3+£15 950 472+4.3
590 21+£36 970 64.7 £ 5.3
610 3.7+4.7 990 22.0+2.5
630 4.2 £3.7 1010 0.2+0.1
650 7.0£1.7

Table3: Uncertaintieon BR(¢ — 7'707).

Source Relatve error
Statistics 2.5%
Background 1.3%
Eventcounting 2.3%
Normalization 3.7%
Total 5.2%

Integratingin the f, dominatedegion, abose 700MeV:

BR(¢ — 7%7%y; m > 700 MeV) =
(0.96 % 0.02¢at & 0.024y5¢ £ 0.04p0pm) X 1074

Theresultof thefits arelistedin Tah 4. Fit (A) givesalarger 2 thanFit (B) and
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Figure5: dBR/dm asa function of m. Fit (B) is shovn asa solid line; individual
contributionsarealsoshawn.

yields lower valuesfor the f, mass(1/;,) andthe coupling constants.In this casethe
BR(¢ — foy — 77%y) is (1.11 & 0.06stat4syst) X 1072,

The bestagreementvith datais given by Fit (B), wherethe negative interference
betweerthe f, ando amplitudegesultsin theobsereddecreasef ther'7"~ yield belov
700MeV. In Fig. 5 thecontributionsfrom eachindividualtermarealsoshavn. Integrating
overthe f, ando curvesweobtainBR(¢ — foy — 797%y) = (1.49£0.07gtatpsyst) X 1072
andBR(¢ — oy — 7'7%) = (0.28 £ 0.04statsyst) X 10724

The valuesof the coupling constantdrom Fit (B) arein agreementith thosere-
portedby the SND andCMD-2 experimentq2,3]. The couplingconstantsliffer from the
WA102resulton f, productionin centralpp collisions(¢} -+ i /93 ++n = 95/1.33 9= =
1.63 £ 0.46) [18] andfrom thoseobtainedwhenthe f; is producedn D — 7 n— 7+
decayq19], wheregy is consistentvith zero.

In aseparatpaper13], we presentameasuremerdf BR(¢ — (), togethemwith
adiscussiorof theimplicationsof f; anda, results.



Table4: Fit resultsusing f, only (A) and fo—o mixing (B).

Fit (A) Fit (B)
x*/ndf 109.53/34 43.15/33
Mjy, (MeV) 962 + 4 973 + 1
9 ki /(Am) (GeV?)  1.2940.14 2794 0.12
Ih it k-] Tt 3.224+0.29  4.00+0.14
Gorry — 0.060 £ 0.008
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