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THE PP2PP EXPERIMENT AT RHIC�J. Chwastowskifor The PP2PP Collaboration [1℄Henryk Niewodniza«ski Institute of Nulear PhysisKawiory 26a, 30-055 Kraków, Poland(Reeived Marh 22, 2002)The PP2PP experiment is devoted to the proton�proton elasti sat-tering measurements at the Relativisti Heavy Ion Collider (RHIC) at theenter-of-mass energies 50 � ps � 500 GeV and the four-momentum trans-fer 0:0004 � jtj � 1:3 GeV2. The option of polarized proton beams o�ers aunique possibility to investigate the spin dependene of the proton elastisattering in a systemati way. The energy dependene of the total andelasti ross setion, the ratio of the real to imaginary part of the forwardsattering amplitude, and the nulear slope parameter will be studied. Inthe medium jtj region (jtj � 1:3 GeV2) the energy dependene of the dipstruture in the elasti di�erential ross setion will be measured. Withpolarized beams the measurement of spin dependent observables: the dif-ferene of the total ross setions as funtions of the initial transverse spinstates, the analyzing power and the double spin asymmetries will be usedto map the s and t dependene of the proton heliity amplitudes.PACS numbers: 13.75.Cs, 13.85.�t, 13.85.Dz1. IntrodutionThe elasti hannel ontributes about 20% to the total ross setion.This, oupled with the neessity of explaining di�ration in terms of QCD,makes the nuleon�nuleon elasti sattering a very attrative tool for theexhange mehanism investigation. So far, the elasti proton�proton sat-tering was studied up to the highest ISR energies (ps = 62 GeV) whilefor pp the measurements reahed ps = 1:8 TeV. The ISR data on�rmedearlier predition [2, 3℄ of the total ross setion rise with energy. Also� Presented at the Craow Epiphany Conferene on Quarks and Gluons in ExtremeConditions, Craow, Poland, January 3�6, 2002.(1671)



1672 J. ChwastowskiPomeranhuk's predition [4℄ on the asymptoti behavior of the total rosssetions for pp and pp sattering was extensively tested. Summary of elastisattering measurements and phenomenologial models an be found in [5℄.With advent of the Relativisti Heavy Ion Collider (RHIC) at BrookhavenNational Laboratory a new energy domain opens for a study of the proton�proton sattering. The aelerator is apable of delivering proton beams [6℄polarized up to 70% with luminosities reahing L = 1031m�2s�1. Thiso�ers a unique opportunity for a systemati study of the spin dependentand spin independent elasti sattering in a new, mostly unexplored enter-of-mass energy range of 50 � ps � 500 GeV and for the four-momentumtransfer 0:0004 � jtj � 1:3 GeV2 [7℄.The olliding of polarized beams allows for the measurement of the pro-ton heliity struture in wide range of jtj and energy within a single experi-ment. The polarization studies will shed a light onto emerging new pitureof di�ration and its spin dependene [8℄.2. Physis program2.1. Unpolarized satteringThe QCD proved to be very suessful in desribing hadroni interationsat large jtj where perturbative methods are appliable. However, for smalland medium jtj values in elasti and di�rative sattering, in the long-rangedomain, the QCD has not yet provided aurate preditions. This regime ofsoft hadroni interations is a �eld of phenomenologial models onstrainedwith asymptoti theorems. The Regge�Gribov theory [3℄ is based on theanalyity, unitarity and rossing symmetry of the sattering amplitude anddesribes the interation via exhange of trajetories related to the poles(or uts) in the omplex angular momentum plane. The elasti hannel istreated as a shadow of many inelasti hannels. The elasti amplitude isonsidered to be mainly imaginary and heliity onserving. Phenomenolog-ial �ts [9�12℄ based on Regge theory are able to desribe all the hadroniand photoprodution total ross setions in the full energy range. The dataare well desribed by the exhange of the Pomeron (IP ) and lower-lyingRegge meson, the reggon, trajetories. The Pomeron is desribed in theQCD language [13℄ in terms of multi-gluon exhange and point-like ouplingto quarks: a olor singlet two-gluon exhange with C = +1 orresponds tothe Pomeron while the olor singlet three-gluon C = �1 state orrespondsto the Odderon [14℄. In spite of its suesses, the Regge theory still laks a�rm explanation on the QCD grounds. High preision measurements in theenergy and jtj-range overed by PP2PP are ertain to have a large impaton this data-driven �eld.
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Fig. 1. The total ross setion, �tot, the �0 parameter and the nulear slope, b, asa funtion of the enter-of-mass energy.Figure 1 summarizes present measurements of the total ross setion�tot, the ratio of real to imaginary part of the forward amplitude �0, andthe nulear slope b, for both pp and pp interations. The energy range ofthe PP2PP experiment is also shown. It partially overlaps the high energyISR region and reahes the low end of the SppS range. A omparison withexisting data at the same energies will be advantageous.The di�erential elasti ross setion d�el=dt as measured at ISR [15℄ isshown in Fig. 2 together with the phenomenologial model [16℄ preditions.The data show harateristi features: a forward peak followed by an expo-nential fall, a loal minimum above �t = 1 GeV2 and a seondary maximumor a broad shoulder. The position of the minimum moves toward smallerjtj values with inreasing energy. A similar trend is observed for pp data.
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Fig. 2. The di�erential ross setion, in pp! pp at ps = 53 GeV [15℄. The urvesare the model [16℄ preditions.However, the depth of the minimum is smaller than that seen for pp. Thedata are well desribed by the model preditions.The jtj overage of PP2PP inludes the �di�ration dip� region. Thisloal minimum was explained [16℄ by the interferene of the exhange ampli-tudes. In partiular, the three-gluon exhange gives a negative ontributionin ase of pp interation while for pp sattering it is positive.In the small jtj region the PP2PP experiment overs also the Coulombamplitude dominated domain. Sine the Coulomb amplitude is absolutelyknown then a very small jtj measurement will give an absolute measurementof the aelerator luminosity and an absolute normalization of the hadroniamplitude. 2.2. Polarized satteringThe understanding of the spin dependene of the sattering amplitudesat high energies and small jtj is very important. It hallenges the QCD sineit involves its appliations in the long-range, non-perturbative regime. Newmeasurements oming from RHIC will test the QCD predition at a newlevel of auray and detail.



The PP2PP Experiment at RHIC 1675The pp polarization data are ommonly disussed using the s-hannelheliity amplitudes �i(i = 1; : : : ; 5) [17℄. Table I lists the linear ombinationsof �i with de�nite quantum numbers exhanged asymptotially [18℄.TABLE Is-hannel amplitudesNaturality HeliityN0 (�1 + �3)=2N1 �5N2 (�4 � �2)=2U0 (�1 � �3)=2U1 (�4 + �2)=2The N and U amplitudes orrespond to natural and unnatural parityexhange and the subsripts 0, 1 and 2 desribe the total s-hannel heliity�ip involved. The spin-averaged ross setions are given by:�tot = 1K Im (N0(0))and d�dt = 116�K2 �jN0j2 + 2jN1j2 + jN2j2 + jU j0j2 + jU2j2� ;where K = ps(s� 4m2). The most ommonly used spin-dependent ob-servables are listed below. The indies stand for di�erent spin orientations:N � along the normal to the sattering plane, S � along the transversediretion in the sattering plane, and L � along the partile diretion. Thedi�erenes of the total ross setion for the anti-parallel and parallel spinorientations are��N = �"# � �"" = 1K Im (N2(0)� U2(0)) ;��L = 1K Im (U0(0)) :The analyzing power, the single-spin asymmetry, isAN d�dt = �2 116�K2 Im f(N0 �N2)N?1 g ;and the double-spin asymmetries are de�ned as



1676 J. ChwastowskiANN d�dt = �2 116�K2 �Re (U0U?2 �N0N?2 ) + jN1j2	 ;ALLd�dt = �2 116�K2 fRe (N2U?2 �N0U?0 )g ;ASS d�dt = �2 116�K2 fRe (N0U?2 �N2U?0 )g :To ahieve a full amplitude analysis one needs a substantial number of mea-surements in the same kinemati region. Up till now, the polarization ex-periments were arried out for ps up to 28 GeV in �xed target environment.This severely a�eted the minimum values of aessible jtj with exeptionof the E581/704 Collaboration whih used �live-target� to reah down tothe CNI region [19℄. It is worth pointing out that these problems are non-existing in the RHIC environment sine the measurements are performed forprotons freely moving in vauum.Existing data [20℄ on the analyzing power at jtj � 0:1�2.5 GeV2 showthat� at jtj < 0:4 GeV2 AN dereases like 1=s up to s � 50 GeV2 andpossibly �attens-o� around small positive value,� AN beomes negative for 0:4 < jtj < 1 GeV2 and s � 50 GeV2, reahesa minimum and again inreases rossing zero in the �di�ration dip�region.� For large jtj the analyzing power is onstant or possibly dereases tozero above t � 2:5 GeV2:The Regge theory predits [13,21℄ that the AN should derease as s��, with0:5 < � < 1, sine at lower energies hadroni spin-�ip amplitude should bedominated by the reggon exhanges. This is on�rmed by the data whihin the beam momentum range of 45�300 GeV/ show very little energydependene. However, small values of the analyzing power an be ompatiblewith zero. On the other hand, the negative values of AN for 0:4 < jtj < 1GeV2 annot be dedued from the standard Regge piture.A harateristi shape of the AN (t) was predited [22℄ in the CNI re-gion. The analyzing power inreases from zero, reahes a maximum atjtj � 0:003 GeV2 and slowly dereases with inreasing jtj. This strutureresults from the interferene of the eletromagneti spin-�ip and hadroninon-�ip amplitudes. The maximum AN is about 5% and shows a very mildenergy dependene. PP2PP , in its �rst physis run, will over the regionaround theAN maximum and the simulations show that the analyzing power
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Fig. 3. The theoretial analyzing power AN (dashed line) superimposed with sim-ulated measurements at ps = 500 GeV for stations at 50 m.an be preisely measured. Figure 3 shows the theoretial preditions [23℄with simulated data from the detetors plaed 50 meters away from Intera-tion Region (IR). With both RHIC beams polarized, the double spin asym-metry an be measured in a wide jtj range. In the small jtj region it will helpto answer the question of the Odderon ontribution. A spin-�ip amplitude�5 does not neessarily dereases with inreasing energy. This an be due tovarious mehanisms like peripheral pion prodution, a di-quark omponentin the proton, instanton e�ets or due to the Odderon ontribution [24℄. InFig. 4, the theoretial preditions [25℄ for the Pomeron and Odderon ontri-butions to ANN are shown. In the higher jtj-region further investigation ofexperimental observation of large di�erenes between the ross setions forparallel and anti-parallel spin orientations will be performed. The experi-ment [26℄ shows that the protons appear to interat harder when their spins

Fig. 4. The Odderon and Pomeron ontributions to the double spin asymmetryANN from [25℄.



1678 J. Chwastowskiare aligned. However, it is not lear whether this e�et is present for higherps. The measurement of the spin dependent observables in the high-jtj re-gion will reveal the heliity struture of the exhanges. It will address thequestions of non-vanishing spin-�ip amplitudes in di�ration, the Odderonontribution or whether hard sattering produes large spin e�ets. Theygive an insight into the details of the long-range QCD interation betweenthe protons and possibly how the perturbative regime is approahed.3. The experimental setupThe measurement of the small angles observed in elasti sattering re-quires interfaing of the detetors to the aelerator lattie.3.1. MethodThe proton sattering takes plae at the Interation Region (IR) at apoint (x?; y?), where x?(y?) is the horizontal (vertial) oordinate in theplane perpendiular to the aelerator axis. Later the partile traversesinside the beam pipe and is, eventually, registered at (x; y) by the detetor.Sine the aelerator parameters are known the sattering angle �?y and theposition y? at the IR an be alulated from the measured ones.If 	 denotes the phase advane and � is the betatron funtion at thedetetion point theny =s ��? (os	 + �? sin	)y? +p��? sin	 �?y ;where �? is the betatron funtion at the IR, �? is its derivative and �?y isthe proton sattering angle. For the purpose of this experiment the mahinelattie on�gurations with �? = 0 were onsidered.The above formula an be re-written asy = a11y? + Le��?y (1)with a11 =s ��? (os	 + �? sin	)and Le� =p��? sin	 :The optimum experimental onditions are for a11 = 0 (�? = 0 ;	 =(2n+ 1)�=2) and Le� as large as possible. Then Eq. (1) beomesy = Le��?y : (2)



The PP2PP Experiment at RHIC 1679This means that the sattering angle an be determined from the positionmeasurement alone. In other words the partiles sattered at the same anglesat the IR will be foused onto the same point. This ondition is known asthe �parallel-to-point� fousing.Another onern for the experimental set-up optimization is the min-imum value of the four-momentum transfer jtj, namely tmin. This valuedepends on the distane of the detetors to the proton beam. It should beas small as possible to reah the Coulomb dominated region, yet large enoughso the mahine beams are not destroyed. The value of tmin is determined bythe minimum sattering angle, �min, bytmin = (p�min)2 ;where p is the proton absolute momentum and�min = dminLe� ; dmin = k�y + d0 ;where dmin is the minimum distane of the approah to the beam, k is themahine dependent fator (10�20) whih an be optimized via the beamsraping, �y denotes the vertial beam size at the detetion point and d0measures the detetor �dead-spae�. If d0 is small thentmin = "� k2p2whih means that the smallest tmin an be reahed making the betatronfuntion as large as possible and reduing the k-fator and the beam emit-tane, ". It is intended to measure the elasti and di�rative sattering forsmall and medium jtj intervals.3.2. Layout of the experimentProtons sattered at small angles are registered with detetors positionedin the immediate viinity of the beam. This is ahieved with help of a RomanPot (RP) station [15, 27℄ plaed at the positions for whih ondition (2) isful�lled. A layout of the experiment is shown in Fig. 5. In the drawingmagneti elements of the mahine lattie (DX, D0 and Q1�Q3) are shown;symbol RP1,2 denotes the Roman Pot station.The Pot, see Fig. 6, allows to insert the detetor into the aeleratorbeam pipe. The ative part of the detetor onsists of four planes of silionstrip detetors out of whih two planes measure vertial and two horizon-tal oordinates. The detetors, 8 by 5 m2, with 100 �m strip-to-strip and
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Fig. 5. Layout of the PP2PP experiment.
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Fig. 6. A shemati view of the Roman Pot station.450 �m strip-to-edge spaing, are read by the readout system based onthe D0 SVX-IIe 128-hannel front-end hip and the Stand-Alone Sequener.This type of detetor proved to be a reliable and stable devie. It provides:� a very good uniformity of e�ieny,� small dead area between the detetor ative part end the beam,� many highly e�ient detetor layers,� small ells,� good spatial resolution.



The PP2PP Experiment at RHIC 16813.3. TriggerThere are two basi trigger on�gurations. The elasti trigger is de-rived from the sintillator ounters plaed behind the silion detetors. Theseond, inelasti, is used to trigger on di�rative or inelasti events andonsists of eight sintillator ounters plaed symmetrially around the inter-ation region. The trigger requests a oinidene of the beam rossing andthe appropriate sintillators' signals.3.4. Measurements at small jtjA speial tune of the RHIC aelerator allows reahing the Coulombregion, at jtj values down to 0.0004 GeV2. This tune will allow the mea-surements of very small angles (down to 10 �rad). Sine this tune is notompatible with high luminosity running in other interation regions it willrequire a dediated running period and is postponed beyond 2005. Thedetetor aeptane overs CNI region and reahes well into the Coulombamplitude dominated domain hene it allows for a preise determination of�tot, �0 and b parameters. To evaluate the detetor performane a MonteCarlo was used. Table II lists major parameters and their values used in thesimulation. TABLE IIParameters in the Monte Carlo simulationParameter ValueBeam momentum 250 GeV/Beam momentum spread 250 MeV/Crossing angle of beams �0x;y 5 �rad,5 �radError on rossing angle ��0x;y 6 �radDetetor o�sets 20 �mDetetor resolution in x; y 100 �mInteration region size in z : �z 15 mBeam emittane: " 5� mm mradThe angular distribution of protons was simulated with small angle CNross setion formula parameterized with �tot, �0 and b. Using the transportequation the position of the sattered protons at the detetor was predited.Suh simulated data were input to the �tting program yielding �tot, �0 and b.Resulting unertainties on the parameters are shown as a funtion of tminin Fig. 7. Two di�erent statistis, 0:8 � 106 and 3:2 � 106, equivalent toone day of stable data taking are ompared. The major ontributions to theunertainties are due to the statistis and the tmin uto�.
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Fig. 7. The unertainty on the total ross setion ��, the ratio real to imaginarypart of the forward amplitude �0, and the nulear slope b as a funtion of theminimum aessible jtj, for 0.8 million events (full dots) and 3.2 million events (fullsquares) statistis. 3.5. Measurements at medium jtjThe ollinearity requirement on the out-going protons will provide iden-ti�ation of the small angle elasti sattering events. Table III omparesparameters of two earlier [15, 27℄ and PP2PP experiments. TABLE IIIParameters of the ISR, UA4 and PP2PP experimentsParameter ISR UA4 PP2PPCMS energy (GeV) 23�62 546�630 50�500Luminosity L(m�2s�1 few 1030 few 1028 few 1031Maximum jtj (GeV2 ) 10 �2 �1.3Momentum resolution �p=p �5% �0.6% �1.5%jtj resolution �t � 0:015pjtj � 0:06pjtj � 0:02pjtj



The PP2PP Experiment at RHIC 1683For the RHIC tune �?=10 m, the normalized emittane is "=20�mmmrad,and at ps = 500 GeV the size and the angular spread of the beam at theIR are �y = 0:45 mm and ��y = 45 �rad, respetively. These parameterswere used to alulate the medium-jtj aeptane shown in Fig. 8. The

Fig. 8. The medium-jtj aeptane of the detetors.aeptane is larger than 20% for 0:03 � jtj � 1:3 GeV2: This is the intervalwhih overs the �di�rative dip� region at ps = 500 GeV. At larger jtjvalues the aeptane is limited due to the DX magnet's aperture ut at 5.4mrad. At jtj = 1 GeV2, the expeted ross setion is 0.001 mb/GeV2: Thedetetor aeptane is about 35%. At RHIC luminosity L = 1031 m�2s�1about 104 elasti events per jtj-bin of 0.05 GeV2 per day is expeted whihshows that running time is not a limitation.4. Running planThe data olletion will be staged due to the experimental setup stagingand the aelerator operation mode requirements.In 2002, the experimental apparatus will onsists of the two fully equip-ped stations. These stations will be plaed in the RHIC tunnel about57 meters away from the interation region. This January, it is plannedto ollet the data at ps = 200 GeV. The aelerator will operate with�? = 10 m. The useful range of the four-momentum transfer will be:0:004 � �t � 0:02 GeV2: With olleted data it will be possible to measurethe nulear slope parameter and possibly the single spin asymmetry AN .In 2003, there will be four fully equipped stations used for the datataking. It is planned to run at ps = 200 GeV for 0:0004 � �t � 0:02 GeV2:This run will be devoted to the study of the CNI region and the energy



1684 J. Chwastowskidependene of �tot, �, b and spin asymmetries: AN , ANN . About one dayof stable running is neessary to obtain the error on analyzing power of�AN � 0:2� 0:3% for AN value � 4%.For 2004, a major update of the experimental setup is foreseen. Ad-ditional Roman Pot stations will be plaed in the straight setions on-neting the DX and D0 magnets, see Fig. 5. This will make possible themeasurements for �t � 1:3 GeV2: The energy dependene of the nulearslope, elasti di�erential ross setion and spin observables will be investi-gated. Also the di�rative minimum region will be studied. At luminosityL = 4� 1030 m�2s�1 about 200 hours of the data taking will be needed toaquire 1000 events per 0.02 GeV2 bin around �t = 1 GeV2:Investigation of the very small jtj region will require a speial, PP2PPdediated tune of the aelerator, �? � 100 m. Therefore preision mea-surements of ratio of the real-to-imaginary part of the forward amplitude, ofthe total ross setion for 0:0004 � �t � 0:12 GeV2 will be postponed untilafter 2004.It is worth noting that the same experimental setup an be used tomeasure the elasti sattering of pd, p"d, dd and p" 4He. It is also possible toextend the four-momentum region beyond 1.3 GeV2 by adding RP stationsin front of the DX magnets. 5. SummaryThe PP2PP experiment at RHIC Collider has been introdued. Thephysis program inludes a systemati study of the spin dependent and spinindependent features of the elasti proton�proton sattering in wide andmostly unexplored energy domain 50 � ps � 500 GeV and for the four-momentum transfer 0:0004 � jtj � 1:3 GeV2 within a single experiment.The use of the same apparatus will play a ruial role in understandingand redution of systemati errors. Elastially sattered protons will bemeasured with silion detetors plaed in the Roman Pots. New and preisemeasurements oming from the PP2PP experiment will help to test theQCD in a non-perturbative regime. They will also shed light on the heliitystruture of the proton and that of the objet exhanged in the interation.REFERENCES[1℄ S. Bültmann, I.H. Chiang, B. Chrien, A. Drees, R. Gill, W. Guryn, D. Lynn,P. Pile, A. Rusek, M. Sakitt, S. Tepikian, Brookhaven National Labora-tory, USA, J. Chwastowski, B. Pawlik, Institute of Nulear Physis, Cra-ow, Poland, J. Bourotte, M. Haguenauer, Eole Polytehnique/IN2P3-CNRS, Palaiseau, Frane, N. Akhurin, C. Newsom, Y. Onel, Univer-



The PP2PP Experiment at RHIC 1685sity of Iowa, Iowa City, USA, A.A. Bogdanov, V.A. Kaplin, A. Karakash,S.B. Nurushev, M.F. Runtzo, M.N. Strikhanov, Mosow Engineering PhysisInstitute (MEPHI), Mosow, Russia, A. U�mtsev, IHEP Serpukhov, Rus-sia, I.G. Alexeyev, V.P. Kanavets, B.V. Morozov, D.N. Svirida, ITEP,Mosow, Russia, M. Rijssenbeek, C. Tang, S. Yeung, SUNY Stony Brook,USA, K. De, N. Guler, A. Vartapetian, University of Texas at Arlington,USA, R.Giaomih, A. Penzo, P. Shiavon, Universita di Trieste and SezioneINFN, Italy, A. Sandaz, Institute for Nulear Studies, Warsaw, Poland.[2℄ W. Heisenberg, Z. Phys. 133, 65 (1952).[3℄ See e.g. P.D.B. Collins, An Introdution to Regge Theory and High EnergyPhysis, Cambridge UP, Cambridge 1977; P.D.B. Collins, A. Martin, HadronInterations, Adam Hilger 1984, and referenes therein.[4℄ I.Y. Pomeranhuk, JETP 7, 499 (1958).[5℄ G. Mattie, Rep. Prog. Phys. 57, 743 (1994); A. Martin, Pro.of InternationalConf. on Elasti and Di�rative Sattering, eds. M.M. Bok, A.R. White,1989; F. Halzen, Summary Talk Blois V, Pro.of International Conf. onElasti and Di�rative Sattering eds. H.M. Fried, K. Kang, C-I. Tan,Providene (1993), World Sienti� 1994; M. Allbrow, Experimental Sum-mary Talk Blois V, Pro.of International Conf. on Elasti and Di�rativeSattering eds. H.M. Fried, K. Kang, C-I. Tan, Providene (1993), WorldSienti�, Singapore 1994; M. Blok, Pro.of International Conf. on Elastiand Di�rative Sattering, eds. H.M. Fried, K. Kang, C-I. Tan, Providene(1993), World Sienti�, Singapore 1994.[6℄ G. Bune, RHIC Polarized Proton Collider: Plans and Shedule, publishedin Hamburg/Zeuthen 1997, Deep Inelasti Sattering of Polarized Targets,Physis with Polarized Protons at HERA, pp. 466-471.[7℄ W. Guryn et al., PP2PP Proposal to Measure Total and Elasti pp CrossSetions at RHIC (unpublished).[8℄ N.H. Buttimore, B.Z. Kopeliovih, E. Leader, J. So�er, T.L. Truemann, Phys.Rev. D59, 114010 (1999).[9℄ A. Donnahie, P.V. Landsho�, Phys. Lett. B296, 227 (1992).[10℄ J.R. Cudell et al., Phys. Rev. D61, 034019 (2000); Erratum, Phys. Rev. D63,059901 (2001).[11℄ A. Donnahie, P.V. Landsho�, Phys. Lett. B437, 408 (1998).[12℄ M.M. Blok et al., Phys. Rev. D60, 054024 (1999); M.M. Blok, F. Halzen,T. Stanev, Phys. Rev. D62, 077501 (2000).[13℄ F.E. Low, Phys. Rev. D12, 163 (1975); S. Nussimov, Phys. Rev. Lett. 34,1268 (1975); L.N. Lipatov, Nul. Phys. B365, 641 (1991).[14℄ P. Gauron, E. Leader, B. Niolesu, Nul. Phys. B299, 640 (1985).[15℄ E. Nagy et al., Nul. Phys. B150, 221 (1979).[16℄ A. Donnahie, P.V. Landsho�, Nul. Phys. B231, 189 (1984).[17℄ M. Jaob, G.C. Wik, Ann. Phys. 7, 404 (1959); M.L. Goldberger,M.T. Gisaru, S. MaDowell, D.Y. Wang, Phys. Rev. 120, 2250 (1960).
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