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� MESON PRODUCTION IN TWO PHOTONCOLLISION AT LEP WITH L3 DETECTOR�O. FedinPetersburg Nu
lear Physi
s Institute188350 Gat
hina, Russiarepresenting the L3 Collaboration(Re
eived July 7, 2000)The rea
tion 

 ! �+���+�� has been studied with the L3 dete
torat LEP. The data sample was 
olle
ted by L3 at 
entre-of-mass energiesfrom 160 GeV to 202 GeV with a total integrated luminosity of 466.2 pb�1.The pro
ess is dominated by �0�0 produ
tion. A spin-parity analysis of the�0�0 system for W

 < 3 GeV shows a dominan
e of JP = 2+ and heli
ity2. A 
ontribution of JP = 0+ is also observed whereas 
ontributions ofnegative parity states are found to be negligible.PACS numbers: 14.40.Aq, 14.40.Cs1. Introdu
tionA large 
ross se
tion for the two-photons rea
tion 

 ! �0�0 near thresh-old has been observed in several experiment [1�7℄.For the �rst time a spin-parity-heli
ity analysis for the rea
tion 

 !�+���+�� was 
arried out by the TASSO Collaboration [3℄ by studyingangular 
orrelations in the four pion �nal state. The data sample 
onsistedof 1722 events in the region 1:2 < M4� < 2:0 GeV. A spin-parity-heli
ityanalysis with higher statisti
s was done by ARGUS Collaboration [7℄: 5181events were analysed in the four pion mass region between 1.1 and 2:3 GeV.Both groups used similar models and found the dominan
e of the �0�0 state(Jp; Jz) = (2+; 2) with a small 
ontribution from the 0+ state. The 
ontri-bution of the negative parity states is found to be negligible.In this paper the results of the spin-parity-heli
ity analysis of the rea
tion

 ! �+���+�� for the data 
olle
ted by the L3 dete
tor at LEP arepresented using the same model as TASSO and ARGUS.� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2381)



2382 O. Fedin2. The mass spe
traData have been 
olle
ted during the 1996-1999 at the e+e� 
entre ofmass energy ps=160 � 202 GeV with a total integrated luminosity of L =466:2 pb�1. The L3 dete
tor has been des
ribed elsewhere [8, 9℄.In order to sele
t 

 ! �+���+�� events, we require four 
hargedtra
ks with a net 
harge of zero and a 
ommon vertex. Events with photonsare reje
ted. The measured energy loss dE/dx 
orrespond to the hypothesesof four pions with a 
on�den
e level CL(4�) > 6%. To suppress the ba
k-ground from non-ex
lusive four-tra
k events we required the net transversemomentum (�~pT)2 to be smaller than 0:02 GeV2. A sample of 56359 eventswas obtained, 55120 events lie in the mass region between 1.0 and 3:0 GeV.The mass distribution of the four pions �nal states is shown in Fig. 1 Themass distribution of the unlike-sign 
ombinations for M4� higher than �0�0threshold exhibit a 
lear �0 signal (Fig. 2).
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0 1 2 3 4 5Fig. 1. Mass distribution of the four pions for e+e� ! e+e��+���+�� eventsafter the sele
tion 
ut (� ~pT)2 < 0:02 GeV.We divide our data sample in two parts on low mass data 2(W

 <3 GeV) and high mass data (W

 > 3 GeV). The spin-parity and heli
ityanalysis is performed only on the low mass data. For the high mass datawe used like-sign ���� mass 
ombinations to estimate the level of 
ombi-natorial ba
kground under the unlike-sign �+�� distribution. The �+��mass spe
trum after subtra
tion of the ���� 
ombinatorial ba
kground,presented in Fig 3, shows that for W

 > 3 GeV there is still a strong pro-du
tion of the �0 meson but the f2(1270) meson is also seen. We �ttedthis spe
tra by three Breit�Wigner fun
tions with the following �t results:m� = 765 � 3 MeV �� = 129 � 7 MeV and mf2 = 1261 � 9 MeV �f2 =217 � 28 MeV whi
h is in good agreement with PDG values.



Meson Produ
tion in Two Photon Collision: : : 2383
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ombinations (four entries per event) and on the right for the like-
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ombinatorial ba
kground subtra
tion for the highmass data W

 > 3 GeV3. Spin-parity-heli
ity analysisWe 
onsider the �0�0 produ
tion in di�erent spin-parity and heli
itystates (JP ; Jz) and an isotropi
 produ
tion of �0�+�� and �+���+��. Allstates are assumed to be produ
ed in
oherently. The analysis is performedin intervals of W

 of 50 MeV. Sin
e pions are bosons the amplitude whi
hdes
ribes the pro
ess must be symmetri
 under inter
hange of two pions withthe same 
harge. The appropriate amplitude satisfying these requirementsare [3℄: g�0�0 = BW(m�01)BW(m�02)	JpJz(1; 2) + permutations ;g�0�+�� = BW(m�01) + permutations ;g4� = 1 ;where BW(m�0) is the relativisti
 Breit�Wigner amplitude for the �0 me-son [10℄ and 	JP ;Jz is the angular part of amplitude whi
h des
ribe therotational properties of the �0�0 state with de�nite spin-parity JP and he-li
ity Jz . It is 
onstru
ted by 
ombining the spin of the two �0 mesons~S = ~s1 + ~s2 and by adding the orbital angular momentum ~L to obtain thestate with total spin ~J :	JpJzLS = XM;m1CJpJzLMSMsCSMss1m1s2m2YLM(�1)Ys1m1(�2)Ys2m2(�3) ;where �1 = (#�; '�); �2 = (#�+1 ; '�+1 ) and �3 = (#�+2 ; '�+2 ). #�; '� are thepolar and the azimuthal angles of the �0 meson in the 

 heli
ity system.
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tions for di�erent spin-parity and heli
ity states (JP ; Jz) of �0�0and for the isotropi
 �0�+�� and �+���+�� srates as determined by the eightparameter �t.



2386 O. FedinThe z axis is 
hosen parallel to the beam dire
tion, whi
h in good approxi-mation, is parallel to the 

 heli
ity axis. The angles #�+1 ; '�+1 (#�+2 ; '�+2 )are the polar and azimuthal angles of positive pions in the 
enter-of-mass ofthe �rst (se
ond) �0 meson with z axis parallel to the beam axis. Sin
e theanalysis is performed 
lose to threshold the orbital angular momenta are re-stri
ted to L = 0; 1. The allowed spin-parity-heli
ity �nal states of the �0�0system in quasi-real 

 rea
tions are : (JP ; Jz) = 0+; (2+; 0); (2+; 0); 0� and(2�; 0) with total spin of �0�0 meson system S = 1 or S = 2. Other statesare forbidden by heli
ity 
onservation or by the Landau-Yang theorem.In ea
hW

 bin a maximum likelihood �t is used to determine the 
ontri-bution �j of the eight amplitudes to the data sample. The �tting pro
eduretakes into a

ount the dete
tor a

eptan
e, trigger e�
ien
y and sele
tione�
ien
y.The result of �t are shown on Fig. 4. It is 
learly seen that the �0�0state with spin-parity 2+ and heli
ity 2 dominates. There is a 
ontributionof the JP = 0+ state in the 

 mass region below 2 GeV. The 
ontributionof the negative parity states and the state (2+; 0) are found to be negligible.REFERENCES[1℄ TASSO Coll., R. Brandelik et al., Phys. Lett. 97B, 448 (1980).[2℄ MARK II Coll., D.L. Burke et al., Phys. Lett. 103B, 153 (1981).[3℄ TASSO Coll., M. Altho� et al., Z. Phys. C16, 13 (1982).[4℄ CELLO Coll., H.-J. Behrend et al., Z. Phys. C21, 205 (1984).[5℄ PLUTO Coll., Ch. Berger et al., Z. Phys. C38, 521 (1988).[6℄ TPC/Two-Gamma Coll., H. Aihara et al., Phys. Rev. D37, 28 (1988).[7℄ ARGUS Coll., H. Albre
ht et al., Z. Phys. C50, 1 (1991).[8℄ L3 Coll., B. Adeva et al., Nu
l. Instrum. Methods A289, 35 (1990); M. A

iariet al., Nu
l. Instrum. Methods A351, 30 (1994).[9℄ P. B�en�e et al., Nu
l. Instrum. Methods. A306, 150 (1991).[10℄ J.D. Ja
kson, Nuovo Cimento 34, 1644 (1964).


