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PHYSICS AT DA�NE�Giulia PanheriINFN - Laboratori Nazionali di FrasatiVia Enrio Fermi 40, I00044 Frasati, Italy(Reeived May 21, 1999)An update of the main physis items to be studied at the �-fatoryDA�NE under operation in Frasati is presented. Suh studies inludeextration of the CP-violating parameter "0=", rare and very rare Kaondeays, tests of Chiral Perturbation Theory, salar and pseudosalar spe-trosopy through radiative � deays, and measurement of the hadroniross-setion with aim to improve present limits on the auray of theo-retial determination of �QED(MZ) and (g � 2)�.PACS numbers: 11.30.Er, 12.20.Fv, 13.20.Eb, 13.25.Gv1. IntrodutionIn this talk I shall review the main physis items to be studied at the�-fatory Double Aelerator For Nie Experiments (DA�NE), whih hasreently started operating in the INFN National Laboratories in Frasati.The design luminosity of DA�NE is L = 5�1032m�2se�1. With suh lu-minosity, there are many interesting preision measurements expeted fromthe three detetors whih will operate at DA�NE. These are the K-LongObservation Experiment (KLOE) for partile physis, the nulear physisdetetor FINUDA, and DEAR, DA�NE Exoti Atom Reasearh Detetor,a detetor for measuring the formation of Kaoni atoms.From the beginning, the main sope of DA�NE has ben the studyof diret CP-violation in the Kaon system through the opious number of�-deays intoK �Kpairs. But many other interesting and important measure-ments an be done [1℄, namely study of rare K-deays, salar (S) and pseu-dosalar (PS) meson spetrosopy through the radiative deays �!  S=PS,rare � and !-deays through the deays � ! � �=!, the measurement of� Presented at the XXVII International Meeting on Fundamental Physis, SierraNevada, Granada, Spain, February 1�5, 1999.(2243)



2244 G. Panherithe hadroni e+e� ross-setion, and, through this, of the hadroni ontri-bution to vauum polarization in the evaluation of (g � 2)�, the satteringKaon-nuleon at threshold, formation and deay properties of hypernulei,and, as mentioned, formation of kaoni atoms.Sine the �rst proposal and operation of AdA in 1960 [2℄, Frasati hasoupied a speial plae in the history of eletron-positron storage rings.AdA had an orbit 408 m long and an energy of 250 MeV per beam, andwas soon followed by a bigger projet, to be named ADONE, a storage ringwith a 100 meter long orbit and an energy per beam of 1500 MeV. Radiativeorretions to the experiments were known to be important and the speialname of Bond fator was invented by Bruno Toushek for the value of thephoton spetrum at this energy [3℄. The �rst multihadroni prodution wasobserved at ADONE, whih on�rmed also the the disovery of the J=	 in1974. ADONE was subsequently transformed into a synhtron light failityand again operated as an eletron-positron faility in 1989, when it was usedto study the nuleon form fator at threshold in the time-like region withthe detetor FENICE. Soon after, the DA�NE projet for a �-fatory witha .of m. energy ps = 1:020 GeV, was approved and onstrution began in1993.The Frasati �-fatory projet onsists of a LINAC feeding an aumu-lator whih injets positrons and eletrons into two separate storage rings.The two separate rings ross at half angle � � 10�15 mrad in two interationregions. DA�NE is a multibunh mahine, whih is presently approahingits �rst phase of operation with 30 bunhes, eah of whih should reah thedesign luminosity of Lsingle bunh � 4�1030m�2se�1. In the seond phase,the number of bunhes will be inreased to a maximum of 120, so as to reahthe projet luminosity of 5� 1032m�2se�1. For suh luminosity, we showin Table I the number of events in 1 year of running expeted in the mainhannels of interest. In the next setions we shall desribe some of inter-TABLE IMain �-deay modes and Branhing Ratioes at DA�NEDeay hannel Branhing ratio Events in 1 yK+K� 49% 1:1� 1010K0SK0L 34% 7:5� 109�� + �+���0 16% 3:4� 109� +  1.3 % 2:8� 108�0 +  1:2� 10�4f0 < 1� 10�4



Physis at DA�NE 2245esting measurements to be performed and their physis ontent, starting inSet. 2 with the measurement of diret CP-violation in the Kaon system. Adisussion of rare K-deays, in partiular of Kl4-deays will follow in Set.3, where there will also be mentioned the omplementarity of suh measure-ments with possible studies in the  hannel. Set. 4 will be dediated toproposed experiments to measure the hadroni ross-setion. For the manyother items of interest, we refer the reader to Ref. [1℄.2. CP-violationDA�NE Main Goal from the beginning has been the measurement ofdiret CP-violation in KL deay through the measurement of the ratio "0"de�ned through the amplitude ratios��+� = A(KL ! �+��)A(KS ! �+��) = "+ "0 ; �00 = A(KL ! �0�0)A(KS ! �0�0) = "� 2"0 (2.1)The reent mesurement of this parameter at FermiLab [4℄ and the existeneof previous measurements [5,6℄ not quite in agreement with eah other, ren-der partiularly interesting the measurement to be done at DA�NE, wherethe experimental onditions are quite di�erent. Indeed, the study of CP-violation is usually done at hadron aelerators, where the ross-setion islarge, i.e. of order � mb, whereas at an e+e� ollider it is always an order�2 smaller. However DA�NE speial onditions, namely� large projet luminosity ! 5� 1032m�2se�1� low bakground at resonane� tagged KS;KL;K0; �K0 beause of the speial quantum state throughthe reation e+e� ! � ! KSKL! K0 �K0an make the measurement ompetitive.In the neutral Kaon-system the lassi�ation of CP-violation distin-guishes between violation in in the mixing matrix, or indiret CP-violation,i.e. KS;L � (1 + ")K � (1� ") �Kp2 (2.2)with " the amount of mixing in the mass matrix whih is revealed throughthe ratio � (KL ! ��l+�)� � ( �KL ! �+l���)� (KL ! ��l+�) + � ( �KL ! �+l���) � 2<" (2.3)



2246 G. Panheriand whih was measured to be of the order of 10�3, and CP-violation in thedeay amplitude, also alled diret CP-violation, whih ould in priniple bemeasured through the ratio� (K ! �+��)� � ( �K ! �+��)� (K ! �+��) + � ( �K ! �+��) � 2<"0 (2.4)Atually diret CP-violation is measured via interferene of mixing anddeay, through the ratioes �+� and �00: diret CP implies ! �+� 6=�00 i :e: "0 6= 0. In Table II we show the present status of our knowl-egde on "0" . TABLE IITheoretial and experimental status of "0="Group Theory Experiment<"0="� 10�4 <"0="� 10�4A.J.Buras et al. [7℄ 0:26� 22:0(S)(G) 7:76�3:5 (NDR)5:24:6�2:7(HV )M. Ciuhini et al. [8℄ 4:6� 3:0� 0:4Bertolini et al. [9℄ 17+14�10E. Pashos et al. [10℄ 9:9� 4:1NA31 [5℄ 23� 7E731 [6℄ 7:4� 5:9E832 [4℄ 28� 4:1The reent KTeV [4℄ result is based on analysis of � 20% of the olleteddata, and further statistis will be presented in the near future. The CERNexperiment NA48 is also expeted to present the analysis very shortly. Re-sults from KLOE should be available within one year. At DA�NE themethod of the Double RatioN�L =N�SN0L=N0S = jA(KL ! �+�)=A(KS ! �+��)A(KL ! �0�0)=A(KS ! �0�0) j2 � 1 + 6<"0="is expeted to bring a sensitivity of Æ ("0=") = 1 � 10�4 �L =5� 1032m�2se�1. The speial onditions in whih DA�NE will operate,



Physis at DA�NE 2247make possible another type of measurements of the ratio "0=", i.e. throughinterferometry, to be skethed below. Although the method of the doubleratio leads to a to a higher sensitivity than in the interferometry ase, thelatter method an bring information not just on <"0=" but also on ="0=".This type of experiments measures the number of events for whih thereis interferene between the �nal states in whih the fKL;KSg pair deays.Consider in fat the deay�! K �K ! (f1; t1) + (f2; t2) ;where f1;2 are two possible �nal states of the KL;S deays and t1;2 the twodeay times, measured through the distane [11℄ travelled by the Kaonsbefore deaying. The number of events observed to deay into a given setof �nal states ff1; f2g with the time set ft1; t2g is a funtion of the variousparameter of the Kaon system and of the CP-violation ratio "0=", , i.e. onehas [12℄ I(f1; f2;�t) = 12� j < f1jKS >< f2jKS > j2 � G ;G = j�1j2e��L�t + j�2j2e��S�t�2j�1jj�2je���t=2 os (�m�t+��)with �i =< fijKL > = < fijKS > and the time di�erene �t = t1 � t2. Forf1 = �+�� and f2 = �0�0 the inteferene pattern is shown in Fig. 1, whihwe reprodue from Ref. [12℄

Fig. 1. The interferene pattern shown orresponds to Æ(<"0=") = 1:8 � 10�4 andÆ(="0=") = 3:4� 10�3.



2248 G. Panheri3. Rare K-deaysWith the expeted luminosity rare and very rare K-deays up to branh-ing ratioes of 10�9, an be expeted to be measured at DA�NE. WithinStandard model expetations, rare deays of interest and measurable atDA�NE inlude radiative Kaon deays, measurement of the salar formfator in Kl3-deays, heks of ChPT in Kl4-deays. Radiative Kaon-deayshave been studied in great detail within Chiral Perturbation Theory and welist in Table III some of the expeted [13℄ branhing ratioes and the atualstatistial signi�ane whih an be reahed at DA�NE. TABLE IIIRadiative kaon deays of interest for DA�NE [13℄Channel BRexp BRtheor # events/yrTwo photons in the �nal stateKS !  (2:4� 1:2) � 10�6 2:1 � 10�6 3:6 � 103KL !  (5:73 � 0:27) � 10�4 � 5 � 10�4 6:3 � 105KL ! �0 (1:70 � 0:28) � 10�6 � 10�6 1:9 � 103KS ! �0 (M>220 MeV) � 3:8 � 10�8 65K+ ! �+ < 1:5 � 10�4 � 5 � 10�7 � 4:5 � 103KL ! �0�0 (jM�M�j>20 MeV) � 3 � 10�8 33KS ! �0�0 (jM�M�j>20 MeV) � 5 � 10�9 8One photon in the �nal state; internal bremsstrahlungKS ! �+�� (E�>50 MeV) (1:78 � 0:05) � 10�3 1:75 � 10�3 3 � 106KL ! �+�� (E�>20 MeV) (1:49 � 0:08) � 10�5 1:42 � 10�5 1:5 � 104K+ ! �+�0 (T� =(55�90) MeV) (2:57 � 0:16) � 10�4 2:61 � 10�4 2:3 � 106One photon in the �nal state; diret emissionKS ! �+�� (E�>50 MeV) < 9 � 10�5 � 10�6 � 1:7 � 103KL ! �+�� (E�>20 MeV) (3:19 � 0:16) � 10�5 � 10�5 3:5 � 104K+ ! �+�0 (T� =(55�90) MeV) (1:8� 0:4) � 10�5 � 10�5 1:6 � 105Lepton pair without pionsKL ! �+�� (7:4� 0:4) � 10�9 � 7 � 10�9 8KL ! e+e� (9:1� 0:5) � 10�6 9 � 10�6 1:0 � 104KL ! �+�� (2:8� 2:8) � 10�7 3:6 � 10�7 4:0 � 102KS ! e+e� � 3:4 � 10�8 58KL ! e+e�e+e� (3:9� 0:7) � 10�8 � 43Lepton pair with pionsKS ! �0e+e� < 1:1 � 10�6 > 5 � 10�10 > 1KS ! �0�+�� � > 10�10 �K+ ! �+e+e� (2:74 � 0:23) � 10�7 � 3 � 10�7 2:5 � 103K+ ! �+�+�� < 2:3 � 10�7 6 � 10�8 5:4 � 102KL ! �+��e+e� < 2:5 � 10�6 2:8 � 10�7 3:1 � 102



Physis at DA�NE 2249Other interesting Kaon deays to be studied onern the salar formfator in K�3 deay and the measurement of �� phaseshift at threshold inKl4-deays. For the �rst of these, the high statistis expeted at DA�NEshould de�nitely larify the theoretial situation [14℄. Here, we shall desribein some detail the more omplex situation situation onerning Kl4 deays[14℄. These deays onstitute the only available soure of lear informationon �� sattering at threshold. From the deays K ) ��l� one an in fatlearn about �� ! �� and hene about the pion-pion sattering length inthe isospin I = 0 hannels, a00. There are various theoretial preditions forthis number, starting from the urrent algebra value a00 = 0:16 m�1� [15℄, tothe more reent preditions in Chiral Perturbation Theory to leading [16℄and next to leading order [17℄, a00 = 0:2 � 0:01 in units of m�1� , and inG(eneralized)Chiral Perturbation Theory [18℄ where a00 = 0:263 � 0:052.These number an be ompared with the experimental information from theCERN-Salay experiment [19℄ whih has been �tted with a00 = 0:26 � 0:05.A �t to the data with di�erent values of the sattering lemgth, is shown inFig. 2 from [20℄.

Fig. 2. I = 0 S�wave �� phase shifts, Æ00 , below 1 GeV: experimental valuesompared to BFP's �ts [21℄ using the Roy [22℄ equations, �tting Æ00 above 500 MeVto the phases. Curves a; b and  orrespond to alternative values for the I = 0S�wave sattering length a00 = 0:17; 0:30 and 0:50.
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Physis at DA�NE 2251

Fig. 5. Integrated ross-setion data for  ! �0�0 as a funtion of the �� invariantmass.� study of �� system at threshold, where one an study the loop strutureof Chiral Perturbation Theory [23℄, pion polarizability and azymuthalorrelations both in the �+�� and �0�0 system;� study of the deay onstant and transition form fators for �0; �The present theoretial and experimental status of  ! �0�0, whih is themost interesting proess from the Chiral Perturbation Theory point of view,is shown in Fig. 4.It is worth notiing the strong dependene of the proess  ! �0�0from the value of a00. This is shown in Fig. 5 reprodued from [28℄.In Fig. 5 data are from Crystal Ball saled to the full angular range by afator of 1.25 [28℄ and the lines, labelled by the value of the I = 0 �� S-wavesattering length in steps of 0.05 from 0.1 to 0.3, illustrate the e�et on thedispersive preditions of di�erent extrapolations of the �� phases above 520MeV down to threshold. The bands above 500 MeV on the a00 = 0:1 and0.3 urves mark the range generated by di�erent asymptotis for the vetorexhanges.Finally, in view of the observed K+ ! �+��� event [29℄ at Brookhaven, ithas been suggested [30℄ that DA�NE and KLOE may have a hane to im-prove present experimental limits for the deay K ! �0���. Although thereis no hane to positively observe this deay, whose B.R. in the StandardModel is a very small 3 � 10�11 [31℄, the speial experimental onditionsat DA�NE and the harateristis of the detetor may be able to exludepossible deviations from the Standard Model expetations.



2252 G. Panheri4. The hadroni ross-setion and the ontribution to (g � 2)�One of the most important preision measurements in partile physisis the measurement of the anomalous magneti moment of the muon. Thepresent experimental status of this measurement is summarized in Table IVTABLE IVStatus of measurement of anomalous magneti moment of the muonLaboratory aEXP� ' ( g�2)2 )� Preision Year(1 162� 5)� 10�6 4300 ppm 1960CERN [32℄ (116 616� 31)� 10�8 270 ppm 1970(1 165 924� 8:5)� 10�9 7.3 ppm 1979BNL [33℄ (1 165 925� 15)� 10�9 12.9 ppm 1998BNL [34℄ (...�0:40)� 10�9 < 1 ppm � 1999Theoretially [35℄ this quantity is given asath� = aQED� + aWeak� + ahad� (4.1)where, in units of 10�11,aQED� = 116584705:6(2:9) has been alulated [36℄ up to order (�=�)5aWeak� = 195(one loop)� 41(4)(two loops) [37, 38℄ahad� = ava�pol� + alight�light�with ahad� , to leading order, alulated through the �rst of the four graphsshown in Fig. 6.
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Physis at DA�NE 2253In Ref. [36℄, the omplete standard model predition for a� is given asa� = 116591596(67) � 10�11 (4.2)with a theoretial error already lose to the goal of the E821 experimentat BNL [34℄. Suh a small error was reently obtained through a numberof theoretial improvements in the alulation of ahad� [39℄. However, otherestimates di�er on the size of the error, namely, the authors of Ref. [40℄attribute a larger unertainty to the quantity ahad� . Their updated evaluationfor the leading order ontribution from vauum polarization alone, in unitsof 10�11 readsahad� = 6967 � 119 from vauum polarization to fourth order in � : (4.3)To larify the origin of the error and of the di�erene in evaluation, let usexamine this term in more detail. Up to sixth order in �, the ontributionto ahad� is written asahad� = ava�pol� (4th order) + ava�pol� (6th order) + al�l� ; (4.4)where [41℄ ava�pol� (6th order) = (�100 � 6)� 10�11 :The other three graphs shown in Fig. 6 ontribute to the light-by-light sat-tering term al�l� for whih [42, 43℄ one an use the average estimate [36℄al�l� = (�85 � 25) � 10�11. For the harged pion loop, the pointlike asehas been onsidered, as well as the ase where �-dominated form fatorsare assoiated with the  ! �� vertex. The error here is probably largerthan what is quoted [44℄. The unertainties an be redued to both thetreatment of the �-dominated form fators and the masses irulating in theloop. These terms are of the same order as the higher order ontributionsto the vauum polarization graphs (not shown) as well as of the two loopsontribution to aWeak� . Notie also that it is the vauum polarization graphswhih drive the error on a�. These hadroni ontributions to the anomalyfrom vauum polararization are not omputed from �rts priniples with suf-�ient auray [38℄ and it is neessary to use an experimental input throughdispersion relations. Indeed theoretial alulations for leading order are sofar based upon ava�pol� = 14�3 1Z4m2� �e+e�!hadrons(s)K̂(s)dss ; (4.5)where the funtion K̂(s) has a monotoni behaviour. ava�pol� is then evalu-ated using measured hadroni e+e� ross-setions and their error and, sine



2254 G. Panherithe integral is strongly peaked for small s values, most of the error on ava�pol�omes from the region � 1 GeV, basially around the �� ! resonanes.We show in the following table the latest evaluation of these ontributions[40℄ and the auray whih is requested in order to obtain ahad� with an erroromparable or below the one expeted from E821. TABLE VContributions to ava�had� in units 10�10 from a number of exlusive hannels andrequired auray [40℄.Final state value a. Final state value a.�; ! ! �+�� 506 0.3% 3� 4 10%! ! 3� 47 � 1% K+K� 4 #� 40 # KSKL 1 .�+���0�0 24 . �+���+���0 1.8 .�+���+�� 14 . �+���+���+�� 0.5 .�+���+���0�0 5 10% p�p 0.2 .2 GeV � E �MJ=	 22MJ=	 �M� 20E �M� � 5This table re�ets the fat that in the regione above ' 2 GeV, remark-able improvements have been obtained using PQCD [39, 45℄, but it alsoshows the importane of the region below the � resonane. Here the presenterror is still in the range from 5% to 20% [40℄, with estimates whih hangeaording as to whether one uses or not input from � deay data, withresults obtained through theoretial improvements like use of ConservedVetor Current (CVC) and � spetral funtions applied to ALEPH andOPAL data, Perturbative Quantum ChromoDynamis (PQCD) and QCDSum Rules [39℄.As a result while the region above � 1:5 GeV an be now safely evalu-ated theoretially, there still remains the region below the � where the mainportion of the present remaining error lies. An energy san around the � atDA�NE ould redue the error. Presently there is ongoing work at Novosi-birsk where the goal is a 2 perent systemati unertainty. The requirementsfor energy san at DA�NE to redue the error an be estimated from thefat that the ontribution from e+e� ! � ! �+�� represents � 70% ofthe lowest order estimate of ava�had� . Thus the � ontribution should bemeasured with an auray of at least 10% of aWeak� , i.e. �15�10�11, whihimplies a measurement of the integral to an auray of � 0:3%. An in-tegrated luminosity of � 10 nb�1 is required for measurements around �mass. For the omplete measurement (at lower energies more statistis forthe same auray is required) the (modest ) requirement is � 380 nb�1



Physis at DA�NE 2255at DA�NE luminosity [47℄. It has been realized however that DA�NEwill probably not go out of the � peak for the next 5 years and alternativeproposals [48�50℄ have been put forward and are presently under srutiny.These proposals are based on the use of Initial State Bremsstrahlung to tunethe energy of the hadroni system and aess .m. energies below the �, i.e.through the proess [51℄
�e�

e+ e+  �e�e+  e�Fig. 7. ISR and the Hadroni Contribution to ava�pol�e+(p1)e�(p2) ! (k) + � ! (k) + hadrons(p1 + p2)2 = M2�To obtain an estimate of this ross-setion for the DA�NE setup, onsiderthe simple ase of soft photon approximation 1, where, in leading order, theproess shown in Fig. 7 has ross-setiond�(k; �)dkd os � � 2�h�� dkk sin2 �(1� �2 os2 �)2 ;where � is the photon angle with respet to the beam. For photons emittedat an angle greater than �min the di�erential ross-setion as a funtion ofthe photon energy is shown in Fig. 8, from where one an see the redutionof the the ross-setion for two di�erent values of the angle �min.To leading order, the photon spetrum is fatorizable, and therefore theontribution to ava�pol� in a region from threshold to just below the � isnow obtained as an integral sum over the photon energy, rather than overthe e+e� .m. energy, i.e. one an write [48℄ah� = M2�� kmaxZkmin dkF (k;M2� ; �min)d�(k)dk ; (4.6)where1 for an expression of arbitrary photon energy, see [51℄
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Physis at DA�NE 2257� ! �+���0 whih appears as �+�� if one of the photons from the �0goes undeteted ( as it is the ase if E � 20 MeV). This proess hasa large ross-setion and it should not be undeestimated.� ! �+��, with the photon emitted from the �nal state pions, i.e. dueto FSR.The bakground due to FSR is partiularly dangerous for low photon ener-gies, as one see from Fig. 9 from Ref. [48℄. In suh ase, a ut on the photonenergy is mandatory to redue the unertainty on the determination of theenergy of the hadroni system. An interesting possibility [50℄ is to measureboth the photon energy, using the photon as a trigger to selet the energyof the hadroni system, as well as the Q2 of the �nal state. This methodtakes advantage of the high preision of the hadroni alorimeter in KLOE.In partiular, present studies are onentrating on the determination of the� exitation urve and the two pion �nal state. Final State Radiation is stilla dangerous soure of bakground when the energy of the photon is a fewten MeV's. Simulation and detailed suggestion for uts both on the photonand the pions are proposed in Ref. [50℄.
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2258 G. Panheri TABLE VIThe physis spetrum that an be explored by the e+e�DA�NE ollider in thenext 5 years and physis results whih an be expeted. Estimates are based on adesign luminosity of 5� 1032m�2se�1.ps in MeV 500�1000 1020 1100� 1500CP/CPT "0="K-deays up topreision 10�8 � 10�9�; �0 �! �; �0physis�� �! K �Kphase-shifts K ! e���Salar and �! a0=f0 �; !(1450)Pseudosalarmeson struture ! �0 ! (�; !) ! (�; �0; ��)Light Vetor VMD and the q�q ontentmesons ChPT re�ned of �; !Higher deay widthVetor Mesons mass parametersSalar Glueballs �! a0=f0�total ! e+e�and hadroni presently most of 5% of the error 15%ontribution the error (60%)to (g � 2)� omes from hereThe author gratefully aknowledges the ontribution from all the mem-bers of the EURODA�NE Collaboration [52℄, whose work is presented inthis paper and is grateful to T. Hambye, V.A. Khoze and S. Spagnolo forenlightening disussions. This work was supported in part through TMRContrat 98-00169.
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