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UPDATE OF THE e+e�! �+�� CROSS SECTION MEASUREDBY THE SPHERICAL NEUTRAL DETECTORIN THE ENERGY REGION 400 <ps < 1000 MeVM. N. Ahasov *, K. I. Beloborodov, A. V. Berdyugin, A. G. Bogdanhikov, A. V. Bozhenok,A. D. Bukin, D. A. Bukin, T. V. Dimova, V. P. Druzhinin, V. B. Golubev, A. A. Korol,S. V. Koshuba, E. V. Pakhtusova, S. I. Serednyakov, Yu. M. Shatunov, V. A. Sidorov,Z. K. Silagadze, A. N. Skrinsky, Yu. A. Tikhonov, A. V. VasiljevBudker Institute of Nulear Physis,Siberian Branh of the Russian Aademy of Sienes630090, Novosibirsk, RussiaNovosibirsk State University630090, Novosibirsk, RussiaReeived May 3, 2006The orreted ross setion of the e+e� ! �+�� proess measured in the spherial neutral detetor experimentat the VEPP-2M e+e� ollider is presented. The update is neessary due to a �aw in the e+e� ! �+�� ande+e� ! �+�� Monte Carlo event generators used previously in data analysis.PACS: 13.66.B, 13.66.Jn, 13.25.Jx, 12.40.VvThe spherial neutral detetor (SND) [1℄ operatedfrom 1995 to 2000 at the VEPP-2M e+e� ollider [2℄.One of the reent SND results was the measurementof the e+e� ! �+�� proess ross setion in the en-ergy region ps < 1000 MeV [3℄. The systemati errorof the ross setion determination was estimated to be1.3 %. Studies of the e+e� ! �+�� reation allowdetermining the � and ! meson parameters and pro-vide information on the G-parity violation mehanismin the ! ! �+�� deay.Muh attention was reently attrated by thee+e� ! �+�� ross setion beause of the interest inhigh-preision results of the muon anomalous magnetimoment measurement [4, 5℄. The omparison of thee+e� ! �+�� proess ross setion with the spetralfuntion in the �� ! ���0�� deay [6�8℄ is used totest the vetor urrent onservation (VCC).Theoretial alulations of ross setions of thee+e� ! e+e�; �+��; �+�� reations play an im-portant role in measurements of the e+e� ! �+��*E-mail: ahasov�inp.nsk.su
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Fig. 1. Corretions Æ = Æ�Æ� to the e+e� ! �+��ross setion [3℄, whih aount for the mistakes ofthe e+e� ! �+�� (1 ) and e+e� ! �+�� (2 ) rosssetion alulations and the total orretion Æ (3 )proess. Suh alulations are neessary for lumi-nosity measurements (e+e� ! e+e� events), thee+e� ! �+�� bakground subtration, and determi-437



M. N. Ahasov, K. I. Beloborodov, A. V. Berdyugin et al. ÆÝÒÔ, òîì 130, âûï. 3 (9), 2006Table 1. The results of the e+e� ! �+�� ross se-tion measurements. ��� and jF�j2 are the ross setionand the form fator of the e+e� ! �+�� proess, �pol��is the undressed e+e� ! �+�� ross setion withoutvauum polarization but with the �nal state radiation.Only unorrelated errors are shown. The orrelatedsystemati error �sys is 1.3% for ps � 420 MeV and3.2% for ps < 420 MeVps,MeV ��� , nb jF� j2 �pol�� , nb970.0 76:68� 1:79 3:78� 0:09 75:06� 1:75958.0 91:33� 1:96 4:41� 0:09 89:22� 1:91950.0 101:52� 1:93 4:83� 0:09 99:07� 1:88940.0 115:14� 1:57 5:38� 0:07 112:25� 1:53920.0 147:78� 5:15 6:66� 0:23 143:57� 5:00880.0 246:38� 2:80 10:30� 0:12 237:93� 2:70840.0 450:70� 4:19 17:46� 0:16 433:39� 4:03820.0 622:54� 5:54 23:19� 0:21 597:24� 5:31810.0 715:94� 6:21 26:15� 0:23 685:26� 5:94800.0 822:66� 7:05 29:46� 0:25 785:42� 6:73794.0 859:35� 7:19 30:41� 0:25 815:84� 6:83790.0 855:55� 16:98 30:04� 0:60 806:96� 16:02786.0 874:23� 7:42 30:45� 0:26 820:44� 6:96785.0 887:68� 8:81 30:86� 0:31 835:25� 8:29784.0 940:42� 19:12 32:62� 0:66 890:94� 18:11783.0 1022:45� 10:99 35:40� 0:38 979:52� 10:53782.0 1106:69� 26:44 38:24� 0:91 1073:85� 25:66781.0 1161:62� 10:84 40:06� 0:37 1138:88� 10:63780.0 1233:58� 10:17 42:45� 0:35 1220:00� 10:06778.0 1314:33� 9:78 45:05� 0:34 1309:00� 9:74774.0 1331:59� 9:87 45:28� 0:34 1326:86� 9:83770.0 1302:16� 9:67 43:92� 0:33 1296:23� 9:63764.0 1304:40� 9:80 43:47� 0:33 1297:32� 9:75760.0 1308:40� 10:08 43:26� 0:33 1301:28� 10:03750.0 1291:96� 22:80 41:86� 0:74 1288:31� 22:74720.0 1060:14� 7:11 32:31� 0:22 1064:32� 7:14nation of radiative orretions and the e+e� ! �+��detetion e�ieny. The e+e� ! �+��; �+�� rosssetions were alulated in aordane with the formu-las of Refs. [9, 10℄, whih take the photons radiationby the initial and �nal state partiles into aount andhave the auray about 0.2%.

Table 1. Continuedps,MeV ��� , nb jF� j2 �pol�� , nb690.0 764:53� 8:31 21:92� 0:24 769:56� 8:36660.0 543:75� 6:24 14:66� 0:17 546:05� 6:27630.0 398:61� 8:73 10:11� 0:22 399:49� 8:75600.0 296:06� 10:92 7:08� 0:26 296:17� 10:92580.0 261:49� 14:78 6:01� 0:34 261:11� 14:76560.0 230:91� 12:69 5:12� 0:28 230:54� 12:67550.0 221:00� 17:83 4:81� 0:39 220:33� 17:78540.0 215:61� 13:79 4:62� 0:30 214:99� 13:75530.0 202:32� 23:04 4:26� 0:49 201:77� 22:98520.0 179:55� 10:42 3:72� 0:22 179:10� 10:39510.0 175:37� 16:81 3:58� 0:34 174:62� 16:74500.0 176:32� 10:93 3:55� 0:22 175:60� 10:89480.0 165:60� 9:72 3:26� 0:19 165:01� 9:69470.0 143:61� 13:28 2:81� 0:26 143:14� 13:24450.0 140:47� 14:24 2:71� 0:28 139:82� 14:17440.0 114:75� 15:51 2:22� 0:30 114:26� 15:44430.0 109:25� 12:54 2:11� 0:24 108:83� 12:49410.0 125:06� 18:92 2:46� 0:37 124:70� 18:87390.0 116:37� 21:78 2:39� 0:45 116:17� 21:74It was found reently that the e+e� ! �+�� and�+�� Monte Carlo event generators used in the SNDdata analysis were not quite orret and understatedthe e+e� ! �+�� and e+e� ! �+�� ross setionsby about 2.5% and 1.5% respetively.In this paper, in order to orret the error, the mea-sured ross setion �0 is multiplied by orretion fa-tors, � = �0 � Æ� � Æ�; (1)where Æ� and Æ� are the respetive orretions dueto mistakes in alulations of the e+e� ! �+��and e+e� ! �+�� ross setions. The Æ� andÆ� oe�ients were determined using the MCGPJe+e� ! �+��, �+�� event generator [11℄, whih isbased on the same approah as in [9, 10℄. The appliedorretions have not altered the systemati error valueof the e+e� ! �+�� ross setion measurement, whihis 1.3% for the energy region ps � 420 MeV and 3.2%for ps < 420 MeV.The energy dependene of Æ� and Æ� is shown inFig. 1. The error in the e+e� ! �+�� ross se-tion alulation is signi�ant only in the energy re-438
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Fig. 2. The ratio �exp=�fit of the e+e� ! �+�� rosssetion measured by CMD-2 [12℄ to the SND �t urve.The shaded area shows the systemati error
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Fig. 3. The ratio �exp=�fit of the e+e� ! �+�� rosssetion measured by KLOE [13℄ to the SND �t urve.The shaded area shows the systemati errorgion ps < 500 MeV. The orreted values of thee+e� ! �+�� ross setion ���(s), of the form fa-torjF�(s)j2 = 3s��2�3���(s); � =p1� 4m2�=s; (2)and of the bare ross setion (the ross setion withoutthe vauum polarization ontribution but with the �nalstate radiation taken into aount) are listed in Table 1.The ross setion dereased by two systemati errors onaverage. The results in Table 1 supersede the resultsquoted in Table 1 of the original work [3℄.The omparison of the obtained ross setion withCMD-2 [12℄ and KLOE [13℄ measurements is shownin Figs. 2 and 3. The CMD-2 result exeeds the SNDdata by 1:4�1:5% on average. Here, the error inludesboth systemati and statistial unertainties. The un-orreted SND ross setion exeeds the CMD-2 one
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Fig. 4. The ratio ��=�fit of the e+e� ! �+�� rosssetion alulated from the �� ! ���0�� deay spe-tral funtion measured by CLEOII [7℄ to the isovetorpart of the e+e� ! �+�� ross setion orreted inthis work. The shaded area shows the systemati er-ror
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Fig. 5. The ratio ��=�fit of the e+e� ! �+�� rosssetion alulated from the �� ! ���0�� deay spe-tral funtion measured by ALEPH [8℄ to the isovetorpart of the e+e� ! �+�� ross setion orreted inthis work. The shaded area shows the systemati er-rorby the same value. In the KLOE experiment at theDA�NE �-fatory, the form fator jF�(s)j2 was mea-sured using the �radiative return� method with the sys-temati error 1.3% [13℄. In Ref. [13℄, the bare formfator values are listed. Therefore, in order to omparethe KLOE result with the SND one, we appropriatelydress the form fator. The results of this omparisonare shown in Fig. 3. The di�erene between the SNDand KLOE data is energy-dependent. The point thatjumped out is situated in the region of a sharp rise ofthe ross setion due to the � � ! interferene. TheKLOE measurement is in on�it with the SND result439



M. N. Ahasov, K. I. Beloborodov, A. V. Berdyugin et al. ÆÝÒÔ, òîì 130, âûï. 3 (9), 2006Table 2. Parameters of the � and ! mesons measured in this work. In the third olumn, the parameter deviations fromthe original work results [3℄ in units of measurement errors are listed.Parameters Values Deviationsm�; MeV 774:6� 0:4� 0:5 0.5��; MeV 146:1� 0:8� 1:5 0.2�(�! �+��); nb 1193� 7� 16 1.6B(�! e+e�)�B(�! �+��) (4:876� 0:023� 0:064) � 10�5 1.6�(�! e+e�), keV 7:12� 0:02� 0:11 1.7�(! ! �+��), nb 29:3� 1:4� 1:0 0.3B(! ! e+e�)�B(! ! �+��) (1:225� 0:058� 0:041) � 10�6 0.3��! , degrees 113:7� 1:3� 2:0 0.1
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Fig. 6. The ratio ��=�fit of the e+e� ! �+�� rosssetion alulated from the �� ! ���0�� deay spe-tral funtion measured by CLEOII [7℄ to the isovetorpart of the e+e� ! �+�� ross setion orreted inthis work when the vauum polarization ontributionis not extrated from the SND data. The shaded areashows the systemati erroras well as with the CMD-2 one.The ross setion was �tted as desribed in the orig-inal work [3℄. The �t results together with their devi-ation from the previous results [3℄ (in units of mea-surement errors) are listed in Table 2. These valuessupersede the results in [3℄. All parameters exept�(� ! �+��), B(� ! e+e�) � B(� ! �+��) and�(� ! e+e�) hanged by less than 0.5 error values,while �(� ! �+��), B(� ! e+e�) � B(� ! �+��)and �(�! e+e�) hanged by less than two errors. Thedisussion of the parameters and onlusions made inthe original work [3℄ are still valid.The omparison of the e+e� ! �+�� ross setionobtained under the VCC hypothesis from the � -lepton
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Fig. 7. The ratio ��=�fit of the e+e� ! �+�� rosssetion alulated from the �� ! ���0�� deays spe-tral funtion measured by ALEPH [8℄ to the isovetorpart of the e+e� ! �+�� ross setion orreted inthis work when the vauum polarization ontributionis not extrated from the SND data. The shaded areashows the systemati errorspetral funtion from the �� ! ���0�� deay [7; 8℄with the isovetor part of the ross setion measuredby the SND is shown in Figs. 4 and 5. To omparewith the � spetral funtion, the radiative orretionSEW = 1:0198 � 0:0006 [8, 7, 14℄ was applied. Thee+e� ! �+�� ross setion was undressed fromthe vauum polarization, the ontribution from the! ! �+�� deay was exluded, and the orretionfor the �� and �0 mass di�erene was applied. Thisyields the piture well-known from Ref. [8; 15℄. Itis interesting that the di�erene between the e+e�and � data is approximately equal to the value ofthe aepted vauum polarization ontribution to thee+e� annihilation. The omparison of the � data with440



ÆÝÒÔ, òîì 130, âûï. 3 (9), 2006 Update of the e+e� ! �+�� ross setion measured : : :the dressed e+e� ! �+�� ross setion is shown inFigs. 6 and 7.The authors are grateful to G. V. Fedotovih,F. V. Ignatov, G. N. Shestakov, and A. L. Sibidanovfor useful disussions. The work is supported in partby grants Si. Shool-905.2006.2, RFBR 04-02-16181-a,04-02-16184-a, 05-02-16250-a, 06-02-16192-a.REFERENCES1. M. N. Ahasov et al., Nul. Instr. and Meth. A 449,125 (2000).2. A. N. Skrinsky, in Pro. of Workshop on Physis andDetetors for DA�NE, Frasati, Italy (1995), p. 3.3. M. N. Ahasov et al., Zh. Eksp. Teor. Fiz. B 128, 1201(2005).4. H. N. Brown et al., Phys. Rev. Lett. 86, 2227 (2001).5. G. W. Bennet et al., Phys. Rev. Lett. 92, 161802(2004).

6. K. Akersta� et al., Eur. Phys. J. C 7, 571 (1999).7. S. Anderson et al., Phys. Rev. D 61, 112002 (2000).8. S. Shael et al., Phys. Rep. 421, 191 (2005).9. A. B. Arbuzov et al., JHEP 10, 001 (1997).10. A. B. Arbuzov et al., JHEP 10, 006 (1997).11. A. B. Arbuzov et al., Report of Budker INP� 2004-70, Novosibirsk (2004); E-print arhiveshep-ph/0504233; omputer ode was obtained fromhttp://md.inp.nsk.su/�sibid/radnsk.tar.bz2.12. R. R. Akhmetshin et al., Phys. Lett. B 527, 161 (2002);R. R. Akhmetshin et al., Phys. Lett. B 578, 285 (2004).13. A. Aloisio et al., Phys. Lett. B 606, 12 (2005).14. E. Braaten, S. Narison, and A. Pih, Nul. Phys.B 373, 581 (1992).15. M. Davier et al., Eur. Phys. J. C 27, 497 (2003);M. Davier et al., Eur. Phys. J. C 31, 503 (2003).

441


