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2572 P. Gianotti1. IntrodutionChiral Perturbation Theory (ChPT) is the theory of strong interationat the energy sale of the hadron masses. Here QCD symmetries are usedto reate an e�etive �eld theory whih uses the physial pion �elds insteadof quark and gluon degrees of freedom. The three lightest hadrons (���0)are pseudo-salar partiles and an be identi�ed as the Goldstone bosonsin the frame of hiral symmetry breaking (mu 6= md 6= 0). Therefore,the Goldstone nature of the pseudo-salar mesons implies strong onstraintson their mutual interations that an be preisely evaluated by the theoryitself. ChPT is widely used today to desribe strong interation proesses,e.g. semi-leptoni and non-leptoni weak deays. In partiular �� S-wavesattering lengths, a0 for I = 0 and a2 for I = 2, are alulated as anexpansion in powers of the pion mass:� = ja0 � a2j = �0(1 +m2��2 +m4��4 + : : :) ; (1)wherem2� = B(mu +md) +O(m2q) ;B = �<0j�qqj0>f2� ;f� = pion deay onstant ' 93 MeV.The most reent theoretial evaluation of � [1℄, inluding up to 2-loop or-retions, gives: ja0 � a2j = 0:258 � 3% : (2)Here and further the units ~ =  = m� = 1 are used.On the experimental side the situation is not so good. No preise andunambiguous measurements of �� S-wave sattering lengths are available.One set of data omes from the partial wave analysis of the reation �N !��N near threshold. This tehnique has been used to determine a0 by manyexperiments (for a reent review see [2℄), but preision here is learly limitedby the ompatibility with QCD of the analysis methods. Another approahto determine a0 is the study of the 4-body deay K+ ! �+��e+�e [3℄. Thismethod is model independent, but requires very large statistis of a raredeay hannel.The aim of DIRAC is to determine ja0�a2j through the measurement ofthe �+�� atom (pionium) lifetime. In fat, the pionium lifetime is relatedthrough a known expression [4�6℄ to ja0�a2j. From Ref. [6℄ with a one-loopalulation, one �nds1=� = �2�0 = 2=9�3p�(a0 � a2 + ")2(1 +K) ; (3)



Test of Chiral Perturbation Theory with DIRAC at CERN 2573where p� = (M2�+ � M2�0 � 1=4M2�+�2)1=2; K = 1:07 � 10�2 takes intoaount Coulomb orretions, " = (0:58 � 0:16) � 10�2 isospin breakinge�ets. A measurement of � at 10% auray will give a preision of 5% onja0 � a2j, of the same order of ChPT preditions. In this way, the DIRACexperiment ould perform an important test on the validity of the standardChPT, and therefore it will provide deisive information on the nature ofthe hiral symmetry breaking and on the QCD vauum [7℄. The problem isthat pionium deays through strong interation essentially into �0�0 with alifetime � = 3:25� 10�15 s [6℄, too small to be diretly measured. However,an indiret way to measure this quantity has been thought up and applied [8℄.This tehnique will be illustrated in the next setion.2. Pionium prodution and lifetime measurementPionium (A2�) an be produed from interations of high intensity pro-ton beams (Ip � 1 � 1011p/spill) on nulear targets. A2� are formed viaCoulomb interations in the �nal state, when the distane between two pi-ons of opposite harge is of order of some fm. The main harateristis ofsuh an atom are: binding energy � 1:9 keV; JPC = 0++; Bohr radius 387fm. Sine the binding energy is so small, A2� atoms an be easily ionized byinterating with the eletri �eld of the target nulei. In this way a pair ofpions of opposite harge, and same quadri-momentum, is produed (atomipair). The ionization probability inreases with Z2, thus it is more on-venient, to enhane the phenomenon, to use target materials with high Z.This break-up probability (Pbr) is a funtion not only of Z, but also ofA2� momentum and, above all, of A2� lifetime � . Therefore, one Pbr hasbeen experimentally measured as the ratio between the number of detetedatomi pairs nA and the number of produed atoms NA, the value of �is dedued by omparing the experimental value of Pbr with its alulateddependeny on the lifetime. The break-up probability is a pure eletromag-neti proess and has been alulated theoretially with high preision. TheGlauber approximation has been used to desribe the Coulomb interationof an hydrogen-like atom with other atoms [9℄. This model takes into a-ount single and multi-photon exhange giving an auray on Pbr of 1%.Fig. 1 shows the results of these alulations for di�erent target materi-als. Other theoretial alulations [10℄ using di�erent approahes are alsoavailable. They give essentially the same results and preisions.The idea of obtaining ja0 � a2j with this tehnique was proposed byNemenov in 1985 [8℄, and the experimental feasibility of the method wastested at the Serpukhov proton synhrotron. Here 279 � 49 �+�� atomipairs were deteted [11℄, and from this signal a lower limit on the A2� lifetimeould be given: � > 0:6� 10�15 at 90% C.L. [12℄.
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Fig. 1. Probability for an A2� atom of 4.7 GeV/ of being ionized (Pbr) for di�erenttarget materials.3. The DIRAC experimental apparatusThe DIRAC experiment [13℄ has to detet �+�� pairs with very smallopening angles and has to measure their relative momentum with high pre-ision � 1 MeV/. To aomplish these tasks a double arm magneti spe-trometer was ommissioned during Otober�November 1998 at the T8 ex-perimental area of the CERN PS. A top view of the DIRAC experimentalsetup is shown in Fig. 2.

Fig. 2. Shemati top view of the DIRAC spetrometer. Moving from the targetstation toward the magnet there are: a Mirostrip Gas Chamber detetor (MSGC),a Sintillating Fiber Detetor (SFD) and a Ionization Hodosope (IH). Downstreamthe dipole magnet, on eah arm of the spetrometer, are loated: 4 planes of DriftChambers (DC), a Vertial and a Horizontal Hodosope (VH,HH), a Cherenkovounter (C), a Preshower detetor (PSh) and, after an iron absorber, a Muonounter (Mu).



Test of Chiral Perturbation Theory with DIRAC at CERN 2575The magneti spetrometer is arranged on a seondary partile hannel,inlined 5:7o with respet to the inoming proton beam, and the hannelaperture is 1.2 msr. The 24 GeV/ PS proton beam entering the DIRACexperimental setup enounters the nulear target system where A2� atomsare produed. This system onsists of several material (Ni, Pt, : : :) that anbe put alternatively in the beam line.To trak the produed pion pairs, a �rst set of detetors is plaed up-stream the magnet:� 4 planes of Mirostrip Gas Chambers (MSGC) with Gas Eletron Mul-tiplier (GEM) to provide a measurement of the pion traks with aresolution of 40�m;� a Sintillating Fiber Detetor (SFD) made of 2 layers of 0.5 mm di-ameter sintillating �bers running perpendiularly. This detetor on-tributes to the partile traking and is essential to implement the se-ond level trigger whih selet �+�� having a maximum separation of9 mm;� a Ionization Hodosope (IH) made of 16 vertial slabs of sintillatormaterial. This detetor disriminates at the seond level trigger thedouble ionization signals expeted from pairs hitting sintillator ele-ments.The �+�� pairs are then bent in the �horizontal� plane by a onventionaldipole magnet (1.6 T ). After the magnet two idential detetor arms havebeen onstruted both housing the following detetors:� 4 planes of Drift Chambers (DC1-DC4) providing harged partiletraking. The �rst hamber DC1, whih overs both arms, inludesalso inlined wire planes in order to rejet false ombinations. TheDCs single hit resolution is better than 100 � m. The signals of thehit wires are used to implement the fourth level topologial triggerwhih selets �+�� pairs with small relative momentum;� a Vertial and a Horizontal Hodosope (VH, HH). These are sintil-lator hodosopes with vertial and horizontal slabs respetively; theyprovide the �rst level trigger whih requires the oinidene betweenthe time-averaged VH signals in both arms, and a planarity ut inthe horizontal plane by ombining eah slab of HH1 with a subset(�2) of slabs in HH2. They also allow proton identi�ation by time-of-�ight, and produe the third level trigger. This trigger ombineshodosopes signals with that of forward detetors, in order to ut onthe longitudinal omponent of the relative CM momentum of the 2traks (qL < 30 MeV/);



2576 P. Gianotti� a threshold gas Cherenkov Counter (C) used at �rst level trigger forsuppressing e+e� bakground pairs. The detetor e�ieny is> 99:9%and the pion ontamination is less than < 1%. The radiator is N2 atatmospheri pressure;� a Preshower Counter (PSh) made of Pb plates of several radiationlengths, followed by sintillator ounters. It enfores eletron rejetionpower and improves the trigger system;� a Muon identi�ation system (Mu) loated after a thik iron absorber.The ounter is made of sintillator slabs viewed by photomultipliers.4. Preliminary resultsDuring 1999 the experiment had 2 run periods. These have been de-voted to trigger studies, and to arry out detetor alibrations neessary toahieve the design momentum resolution. The olleted luminosity onsistsof 150� 106 events taken with a Ni target and 80� 106 events taken with aPt target. Reported in this setion are some preliminary results that illus-trate the spetrometer performane and show the �rst steps in the diretionof A2� lifetime evaluation.Figure 3 (left) shows the measured time di�erene between the �+ andthe �� impats on the vertial hodosopes, reorded within a 40 ns gate.This width has been hosen in order to detet not only true oinidenes, but
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Fig. 3. Left: distribution of the time di�erene (�t) between partile hits measuredin the Vertial Hodosopes. The time window width used to reord this spetrumis 40 ns, in order to detet either true oinidenes (peak) or aidental ones (�atbakground) (see text for details). Right: orrelation between positive partile mo-mentum and �t. The distribution of points on the right side of the real oinideneband is due to events with protons.



Test of Chiral Perturbation Theory with DIRAC at CERN 2577also aidental pairs. In fat, the distribution of aidental pairs is ruialfor our analysis method. Making a �t of the aidental distribution for qvalues > 3 MeV/, where no atomi pairs are expeted, we determine thedistribution of �free pairs�. One this shape is known, we an extrapolateit down to the region where atomi pairs are present, and we determine thenumber of atomi pairs nA as the di�erene between the total number ofdeteted pairs and the number of the free ones. Therefore, the signature forthe atomi pairs prodution is the presene of an exess of �+�� pairs atlow relative CM momentum q.The orrelation between hit time di�erene and momentum of the posi-tive trak an be seen in the same �gure (right). This distribution shows alear band due to protons, on the right side of real oinidenes.The relative momentum in the enter-of-mass frame projeted into thediretion of �ight of the pair, qL, is shown in Fig. 4. Here, a ut on thetransverse omponent qT < 4 MeV/ has been applied. The distribution,ontaining both real and aidental pairs, shows an enhanement due to theCoulomb Final State Interations (FSI) for small qL values. By heking thedisplaement from zero of this Coulomb peak we are able to evaluate themisalignment of the drift hambers in eah arm (asymmetrial errors). Agaussian �t to this distribution gives the result hqLi = 0:095 MeV/, whihindiates that the alignment is good.
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Test of Chiral Perturbation Theory with DIRAC at CERN 2579An important hek of the detetor momentum resolution has been doneby seleting p�� events. By plotting p�� e�etive mass, the � partile signalan be learly observed (see Fig. 6). A gaussian �t to this signal gives forthe � a FWHM of 1:5 MeV/2, indiating a very good momentum resolutionof the spetrometer, �p=p < 0:6%. Suh a resolution is needed to exploredeeply into the Coulomb region to extrat the signal of atomi pairs.5. Summary and onlusionsThe DIRAC experiment has begun its data analysis mainly this year.A preliminary investigation of the detetor performane demonstrates itsapability in exploiting the foreseen experimental program. Data takingin the year 2000 aims to �rstly measure the �+�� atom lifetime with anauray of 20% on at least 2 di�erent heavy target materials. The �nalmeasurement, with auray 10%, is foreseen for years 2001�2002. Thisexperimental result will ertainly give new onstraints to our knowledge ofhadroni physis in the low energy domain.REFERENCES[1℄ J. Bijnens et al., Phys. Lett. B374, 445 (1996).[2℄ A. A. Bolokhov et al., Eur. Phys. J. A1, 317 (1998).[3℄ L. Rosselet et al., Phys. Rev. D15, 574 (1977).[4℄ S. Deser et al., Phys. Rev. 96, 774 (1954).[5℄ M. Kneht et al., Nul. Phys. B471, 445 (1996).[6℄ J. Gasser et al., Phys. Lett. B471, 244 (1999).[7℄ A. Gall et al., Phys. Lett. B462, 335 (1999).[8℄ L. L. Nemenov, Yad. Fiz. 41, 980 (1985).[9℄ L. Afanasyev et al., J. Phys. G25, B7 (1999).[10℄ Z. Halabuka et al., Nul. Phys. B554, 86 (1999).[11℄ L. Afanasyev et al., Phys. Lett. B308, 200 (1993).[12℄ L. Afanasyev et al., Phys. Lett. B338, 478 (1994).[13℄ L. Afanasyev et al., DIRAC proposal, CERN/SPSLC 95-1, SPSLC/P284(1995).


