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10 Rheinishe Friedrih-Wilhelms-Universität Bonn(COSY-TOF Collaboration)June 17, 2009Abstrat. Data aumulated reently for the exlusive measurement of the pp → ppπ+π− reation at abeam energy of 0.793 GeV using the COSY-TOF spetrometer have been analyzed with respet to possibleevents from the pp → nnπ+π+ reation hannel. The latter is expeted to be the only ππ produtionhannel, whih ontains no major ontributions from resonane exitation lose to threshold and heneshould be a good testing ground for hiral dynamis in the ππ prodution proess. No single event hasbeen found, whih meets all onditions for being a andidate for the pp→ nnπ+π+ reation. This gives anupper limit for the ross setion of 0.16 µb (90% C.L.), whih is more than an order of magnitude smallerthan the ross setions of the other two-pion prodution hannels at the same inident energy.PACS. 13.75.Cs � 14.20.Gk � 25.10.+s � 25.40.Ep1 IntrodutionThe two-pion prodution in nuleon-nuleon ollisions on-nets ππ dynamis with baryon and baryon-baryon de-grees of freedom. As predited by the pioneering work ofthe Valenia group [2℄ the two-pion prodution proessin general is governed by exitation and deay of baryonresonanes. In systemati studies of two-pion produtionhannels by exlusive measurements of solid statistis atCELSIUS [3,4,5,6,7℄ and COSY [8℄ it has been demon-strated that the exitation of the Roper resonane andits subsequent two-pion deay is the leading proess nearthreshold in pp → ppπ+π− and pp → ppπ0π0 hannels. Athigher energies Tp > 1 GeV the ∆∆ proess takes over theleading role . In addition, the isospin deomposition of thedata available in all four pp initiated ππ hannels ppπ0π0,
a present address: Peking UniversityCorrespondene to: H. Clementemail: lement�pit.physik.uni-tuebingen.de

ppπ+π−, pnπ+π0 and nnπ+π+ gives evidene for the a-tive role of another, higher-lying ∆ resonane, most likelythe ∆(1600) [7℄. The latter appears to be most dominantin the nnπ+π+ hannel at energies Tp > 1 GeV. At en-ergies lose to threshold the resonane ontributions areexpeted [2℄ to vanish in this hannel. Hene, its near-threshold ross setion is predited to be very small, how-ever, most sensitive to non-resonant hiral terms [2℄. Thissituation therefore provides a unique hane to test hi-ral dynamis in the two-pion prodution proess on ex-perimental data. The data base for the nnπ+π+ han-nel is very sparse with just a few low-statistis bubble-hamber results [9,10,11℄ and one exlusive measurementat CELSIUS-WASA [7℄. All these data are taken in theresonane region at energies Tp > 1 GeV, where the rosssetion in this hannel is already sizable. At low energies,whih are of interest here, no data exist so far for thishannel.
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2 S. Abd El-Samad et al.: On the Prodution of π+π+ Pairs in pp Collisions at 0.8 GeV2 Experiment2.1 Detetor setupSine the experimental setup was disussed in detail al-ready in Refs. [8,12,13℄, we give here only a short aount.The measurements were arried out at the Jülih CoolerSynhrotron COSY using the time-of-�ight spetrometerTOF at one of its external beam lines. The TOF spetrom-eter was used in its short version, in order to minimze thedeay of pions before their arrival in the stop detetors andto maximize the solid angle overed by the stop detetorssystem onsisting of Quirl with Central Calorimeter andthe Ring detetor system. At the entrane to the dete-tor system the beam � ollimated to a diameter smallerthan 2 mm � hits the thin-walled LH2 target. At a dis-tane of 22 mm downstream of the target the two layersof the start detetor were plaed followed by a two-plane�ber hodosope and �nally the TOF-stop detetor sys-tem at a distane of 1081 mm downstream the target.The stop detetor system onsists in its entral part ofthe so-alled Quirl, a 3-layer sintillator system followedby the Central Calorimeter and in its peripheral part ofthe so-alled Ring, also a 3-layer sintillator system builtin a design analogously to the Quirl, however, with innerand outer radii of 560 and 1540 mm, respetively. TheQuirl-Calorimeter system serves for the identi�ation ofharged partiles and of neutrons as well as for measur-ing the energy of harged partiles. The alorimeter on-sists of 84 hexagon-shaped sintillator bloks of length 450mm, whih su�es to stop deuterons, protons and pionsof energies up to 400, 300 and 160 MeV, respetively. Theenergy alibration of the alorimeter was performed by de-teting osmi muons. The total polar angle overage was3◦ ≤ Θlab ≤ 49◦ with the entral alorimeter overing theregion 3◦ ≤ Θlab ≤ 28◦.2.2 Partile identi�ation and event reonstrutionIn the experiment the trigger suitable for the searh for
nnπ+π+ events required two hits in the Quirl and/or Ringassoiated with two hits in the start detetor. Traks ofharged partiles are reonstruted from straight-line �tsto the hit detetor elements in start, �ber and stop dete-tors. They are aepted as good traks, if they originatein the target and have a hit in eah detetor element thetrak passes through. In this way the angular resolutionfor harged traks is better than 1◦ both in azimuthal andin polar angles. If there is an isolated hit in the alorimeterwith no assoiated hits in the preeding detetor elements,this hit quali�es as a neutron andidate. In this ase theangular resolution of the neutron trak is given by the sizeof the hit alorimeter blok. i.e. by 7 - 8◦. For harged par-tiles the energy resolution of the alorimeter is about 4%.It is superior to that from time-of-�ight measurements dueto the short path length. However, for the Quirl and Ringelements the time-of-�ight resolution is muh better thanthe ∆E resolution. Hene, for partile identi�ation in theQuirl-Calorimeter system we used the Quirl time-of-�ight

information together with the partile energy depositedin the alorimeter [8,12,13℄. In addition there is the de-layed pulse tehnique [8℄ installed, whih an be used topositively identify π+ partiles.For the Ring system there is no partiular partileidenti�ation. However, the maximum possible laboratorypolar angle for nuleons emerging from two-pion produ-tion events is ≈ 30◦. Therefore pratially all these nu-leons are on�ned to the angular range of the Quirl-Calorimeter system and identi�ed there. Also due to theirlarge veloity the pions emerging from two-pion produ-tion are separable to a large extent in the Ring from pro-tons emerging from single-pion prodution.The nnπ+π+ hannel is seleted by identifying twoneutrons and two pions in the Calorimeter or alternativelyonly one pion in the Calorimeter, when the seond hargedtrak is in the Ring. The thus seleted andidate eventshave then �nally been subjeted to a kinematial �t. Sineall four-vetors of the ejetiles with the exeption of theneutron kineti energies have been determined experimen-tally, these �ts have two overonstraints.The absolute ross setion is obtained by relative nor-malization to the data for the ppπ+π− hannel, whih havebeen obtained simultaneously in the experiment. Sine thephase spae distributions for both reations are essentiallyidential, the only major di�erene lies in the e�ieny ofproton versus neutron detetion. The latter has been de-termined as ≈ 36% by measurement of the pp → pnπ+reation [13℄.3 ResultsThe �nal analysis of andidates for nnπ+π+ events hasbeen performed in two ways. In the �rst most stringentway we required that the two π+ andidates of an eventnot only are identi�ed by the time-of-�ight versus deposited-energy information, but also by the delayed pulse teh-nique requiring hits in the Calorimeter. As a result nosingle event passed the required onditions.Sine the identi�ation by the delayed pulse tehniquehas an e�ieny of only 25% [8℄, if all four partiles ofthe event hit the Calorimeter, we have abstained fromrequiring it furthermore. We an do so, sine the seletedevents are omposed of exatly four traks with two ofthem being identi�ed as neutral and two as harged. Byharge onservation the two deteted harged traks mustthen be of positive harge.With this relaxed ondition, whih inreases the e�-ieny for the detetion of nnπ+π+ events by more thanan order of magnitude sine we also an use now the eventswith one pion hit in the Ring detetor, we reanalyzed allpossible events. Again we �nd no single andidate, whihmeets all imposed onditions for being reognized as a
nnπ+π+ event. This �nding orresponds to an upper limitfor the total ross setion of 0.16 µb (90% C.L.), whih ismore than an order of magnitude smaller than that of theother two-pion prodution hannels ppπ+π−, ppπ0π0 and
npπ+π0 at Tp = 0.8 GeV.



S. Abd El-Samad et al.: On the Prodution of π+π+ Pairs in pp Collisions at 0.8 GeV 3In Fig.1 we show the energy dependene of the totalross setion of the pp → nnπ+π+ reation. Plotted areall available data [9,10,11,7℄ inluding the result of thiswork. They are ompared to the theoretial alulations ofRef. [2℄ as well as to the the ross setion assumed for theisospin deomposition of the two-pion prodution proess[7℄ (shaded band). The result of this work is ompatiblewith the extrapolation towards lower energies assumed inthe isospin deomposition work. It is presumably also ingood agreement with the Valenia model alulations. Un-fortunately these alulations stop at a ross setion of 1
µb in Ref. [2℄. It should be noted that these alulationsfall low at high energies, sine they do not inlude the
∆(1600) exitation as pointed out in Ref. [7℄. From theenergy dependene shown in Fig. 1 for the ∆∆ proess,whih is qualitatively also followed by that of the ∆(1600)proess, we see that these resonane ontributions die outat low energies. The same is true for the proess alled
σsemi in Fig. 1, whih denotes the Roper exitation withsubsequent single-pion deay and assoiated with a simul-taneous non-resonant prodution of a seond pion, graphs(6) - (7) in Ref. [2℄. The nonresonant ontribution denotedin Fig. 1 by σnonres and orresponding to the so alled hi-ral terms given by the graphs (1) - (3) in Ref. [2℄ exhibitsa substantially smaller (phase spae like) energy depen-dene and hene is expeted to be the dominant term inthe near-threshold region.4 SummaryWe have presented the �rst measurement of the pp →

nnπ+π+ reation at Tp ≈ 0.8 GeV. Though no singleevent has been found, whih meets all onditions for be-longing to the pp → nnπ+π+ reation proess, it providesan upper limit for the total ross setion of 0.16 µb (90%C.L.). This on�rms the theoretial predition that theross setion is unusually small ompared to the other two-pion prodution hannels, sine resonane ontributionsare supposed to vanish lose to threshold in this han-nel. In onsequene, this situation gives a unique aessto nonresonant hiral terms ontributing to the two-pionprodution proess.This work has been supported by BMBF(06TU261), DFG (Eu-rop. Graduiertenkolleg 683) and COSY-FFE(ForshungszentrumJülih). We aknowledge valuable disussions with L. Alvarez-Ruso, C. Hanhart, E. Oset and C. Wilkin.Referenes1. M. Bashkanov et al., Phys. Rev. Lett. 102 (2009) 052301;arXiv: 0806.4942 [nul-ex℄2. L. Alvarez-Ruso, E. Oset, E. Hernandez, Nul. Phys. A633(1998) 519 and priv. omm.3. W. Brodowski et al., Phys.Rev. Lett.88 (2002) 1923014. J. Pätzold et al., Phys. Rev. C67 (2003) 052202(R)5. J. Johanson et al., Nul. Phys. A712 (2002) 75
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Fig. 1. (olor online) Energy dependene of the total rosssetion for the pp → nnπ+π+ reation. The thik vertialarrow represents the experimental result of this work. Opensymbols denote the previous measurements [9,10,11℄ and thesolid irle the reent result from an exlusive measurement atCELSIUS/WASA [7℄. The urves drawn show the preditionsof Ref. [2℄. For non- and semi-resonant ontributions they aregiven by the dashed (σnonres: ontributions from diagrams (1)- (3) in Ref. [2℄) and dash-dotted (σsemi: ontributions fromdiagrams (6) - (7) in Ref. [2℄) lines. The dotted line denotesthe ∆∆ exitation proess and the solid line the full alula-tion. The shaded band exhibits the ross setion assumed forthe isospin deomposition [7℄.6. T. Skorodko et al., Eur. Phys. J. A35 (2008) 3177. T. Skorodko et al., submitted to Phys. Lett.;arXiv:0906.3087 [nul-ex℄8. S. Abd El-Bary et al., Eur. Phys. J. A37, 267 (2008);arXiv:0806.3870 [nul-ex℄9. F. Shimizu et al., Nul. Phys. A386 (1982) 57110. A. M. Eisner et al., Phys. Rev. 138 (1965) B67011. E. Pikup, D.K. Robinson, E. O. Salant, Phys. Rev. 125(1961) 2091 (2002) 7512. S. Abd El-Samad et al., Eur. Phys. J. A30, 443 (2006)13. S. Abd El-Samad et al., Eur. Phys. J. A39, 281 (2009)
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