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MEASUREMENT OF SUBTHRESHOLD K+PRODUCTION IN pA COLLISIONS WITH ANKE �S. Barsova, U. Behstedtb, G. Borhertb, W. Borgsb, M. BüsherbM. Debowski, W. Ervenb, R. Eÿerd,y P. Fedoretsk, D. GottabM. Hartmannb, H. Junghansb, A. Kaharavaj, B. Kamysg, F. KlehrbH.R. Kohb, V.I. Komarovj, V. Kopteva, P. Kulessab, A. KulikovjV. Kurbatovj, G. Maharashvilij, R. Maierb, S. MerzliakovjS. Mikirtyhiantsa, H. Müller, A. Mussgillerf , M. NekipelovbM. Nioradzel, H. Ohmb, A. Petrusj, D. Prasuhnb, K. Pyszh, F. RathmanneB. Rimarzig, Z. Rudyg, R. Shleihertb, Ch. Shneider, H. ShneiderbO.W.B. Shultb, H. Seyfarthb, K. Sistemihb, H.J. Steinb, H. Ströherband I. Zyhorifor the ANKE CollaborationzaPetersburg Nulear Physis Institute, 188350 Gathina, RussiabForshungszentrum Jülih, 52425 Jülih, GermanyForshungszentrum Rossendorf, 01314 Dresden, GermanydUniversität zu Köln, 50923 Köln, GermanyeUniversität Erlangen�Nürnberg, 91058 Erlangen, GermanyfFahhohshule Münhen, 80335 Münhen, GermanygJagellonian University, 30059 Craow, PolandhInstitute of Nulear Physis, 31342 Craow, PolandiThe Andrzej Soªtan Institute for Nulear Studies, 05400 �wierk, PolandjJoint Institute for Nulear Researh, 141980 Dubna, RussiakInstitute of Theoretial and Experimental Physis, 117259 Mosow, RussialTbilisi State University, 380086 Tbilisi, Georgia(Reeived September 16, 2000)The magneti spetrometer ANKE has been put into operation in spring1998 at the ooler synhrotron COSY�Jülih. ANKE allows to momentum an-alyze ejetiles emitted from an internal target at forward angles # � 0Æ withhigh angular aeptane �
 � 50 msr. A primary goal of the physis programwith ANKE is the investigation of K+ prodution in proton�nuleus ollisionsat energies around and far below the free nuleon�nuleon threshold at T = 1:58GeV. The measurements have been performed with C, Cu and Au targets at var-ious energies in the range T = 1:0; :::; 2:3 GeV. The major experimental hallengeis that the kaon-to-bakground ratio is as low as � 10�6 at the lowest energy.Data on the target�mass dependene of the prodution ross setions for kaonmomenta pK+ = 150; :::; 510 MeV/ at beam energies of T = 1:0 and 2.3 GeV arepresented.PACS numbers: 25.10.+s, 13.75.�n, 13.60.Le� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.y Now working at: BICRON Vertriebs GmbH, 42929 Wermelskirhen, Germany.z For a omplete ollaboration list see [1℄.(2159)



2160 S. Barsov et al.1. The ANKE spetrometerIn ANKE [2�4℄ forward emitted produts from proton indued reationsare separated from the irulating beam of COSY [5℄ and their emissionangles and momenta are determined. Three dipole magnets guide the beamout of its nominal path in a straight setion of the rae-trak shaped ael-erator ring towards the target and bak into the standard orbit. The entralmagnet D2, see Fig. 1, has a gap of 20 m height, thus providing a large solidangle for measurements at low ross setions. The detetion system for theK+ identi�ation is skethed in Fig. 1. It provides a horizontal (vertial)angular aeptane of # � �12Æ; : : :+12Æ (j'j < 3:5; : : : 5:5Æ). The detetorsonsist of:(i) 23 start ounters lose to the Al vauum window at the side of D2(ii) 15 telesopes [3, 6℄ whih are plaed at the D2 foal surfae to de-tet positively harged ejetiles in the momentum range from 110to 525 MeV/ (at B = 1:3 T in D2). Eah of the range telesopes(see Fig. 1) is omposed of Stop, �E, Veto sintillation ounters andtwo degraders made of opper. Telesopes #9�15 ontain also luiteCherenkov ounters.(iii) 2 multi-wire proportional hambers (MWPC1 and MWPC2) whih areused to reonstrut ejetile trajetories. Eah of them has three anodeplanes with vertially and � 30Æ inlined tungsten wires.
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Measurement of Subthreshold K+ Prodution in : : : 2161For the K+ identi�ation the following information from the detetionsystem is utilized � see [3, 4℄ for a more detailed desription of the dataanalysis:(i) The ejetile momenta are within � 10% de�ned by the 10 m widetelesopes at the foal surfae of D2. They were kept onstant for allbeam energies by �xing the D2 �eld strength and the relative target-D2-detetor geometry.(ii) For a given momentum pions, kaons and protons have di�erent ranges.The thiknesses of the sintillators and of the degraders were hosensuh that protons from the target are stopped before they reah the�E ounters. Kaons are stopped in the seond degraders or in the farend of the �E ounters whereas pions and sattered protons with thesame veloity as kaons traverse all ounters of the telesopes if theydo not undergo a nulear reation. The degraders installed in front ofthe �E ounters are tapered to ompensate for the momentum spreadaross eah telesope.(iii) Fast hardware oinidenes between the Start and Stop ounters allowto selet partiles with the same momentum but di�erent emissionangles and to set narrow gates on the TOF spetra for kaons.(iv) The deay of kaons with a mean lifetime of 12.4 ns is a strong riterionfor the seletion of K+ andidates.Only events with signals in the Veto ounters delayed by more than 1.3 nswith respet to prompt partiles deteted in the same telesope have beenaepted. A ombination of riteria (i)�(iv) together with an o�-line analysisof the MWPC information and of energy losses in all sintillation ounterspermits to identify kaons even at T = 1:0 GeV. The measurements with thedi�erent targets were arried out under idential settings of the spetrometerdipole D2 and the detetion system. Thus, the detetion e�ienies for kaons(and pions) produed in the di�erent targets are equal.2. Target�mass dependene of the K+ prodution ross setionsIn order to extrat absolute double di�erential ross setions from thenumber of identi�ed kaons, one has to orret for kaon deay-in-�ight be-tween target and telesopes, the angular-momentum aeptanes, the de-tetion e�ienies in the sintillators, MWPC ine�ienies and dead-timee�ets. These analyses are in progress now. However, already at the urrentstage of the analysis one an extrat the ross setion ratios for the di�erent



2162 S. Barsov et al.targets (and thus the mass dependene of the K+ prodution ross setion)using the formula: �K+A�K+C (pK+) = "nK+AnK+C #tel(i) LCLA : (1)Here the index �A� stands for the opper and gold targets, respetively,while �C� refers to arbon. nK+ is the number of identi�ed kaons in eahtelesope i normalized to the proton-beam �ux. Monitoring of the protonbeam interating with the target was done with an auray of 2% usingtelesopes #2�5 in 4-fold oinidene and thus seleting ejetiles from thetarget whih pass by the spetrometer dipole D2 (see Fig. 1). L standsfor the integrated luminosity during data taking for the partiular target.The luminosity ratio an be dedued from the ratio of pion rates, measuredunder idential experimental onditions for eah target during alibrationruns using an on-line trigger optimized for �+ detetion:LCLA = "n�+Cn�+A #tel#15 "��+A��+C #p=500 MeV= : (2)In Eq. (2) n�+ is the number of pions deteted by telesope #15 withmomenta of 490, . . . 525 MeV/, normalized to the proton�beam �ux (seeabove). For a momentum of 500 MeV/ the ratio of the pion-produtionross setions ��+ an be extrated from experimental data [7�9℄ taken inthe energy range T = 0:73; : : : 4:2 GeV at emission angles of 0Æ, 2:5Æ and15Æ. Fig. 2 shows the ross-setion ratios for Cu/C and Pb/C alulatedfrom those data. From Fig. 2 one an dedue the �+ prodution ratios forCu/C and Au/C at T = 1:0 GeV and 2.3 GeV: for Cu/C values of 1:81�0:05at T = 1:0 GeV and 1:88�0:18 at T = 2:3 GeV are obtained. For Pb/C theross setion ratios from Fig. 2 are 2:34�0:07 at T = 1:0 GeV and 2:80�0:29at T = 2:3 GeV. These values agree within 10% with ratios saling as A1=3(= 2:58). Thus, assuming an A1=3 dependene, it is possible to alulatefrom the ratios Pb/C those for Au/C. We use for the ratio Au/C values of2:29 � 0:07 at T = 1:0 GeV and 2:73 � 0:27 at T = 2:3 GeV. Note that theanalysis of our �+ data shows that the ross setion ratios (within 2%) areindependent of the �+ emission angle within the ANKE angular aeptanej#�j < 12Æ.Fig. 3 shows the dedued K+ ross-setion ratios at T = 2:3 GeV usingEqs. (1), (2) and the �+ ratios given above. The error bars inlude onlythe statistial unertainties of the kaon data. From the normalization bythe pion ratios, an additional overall unertainty of � 10% has to be added.
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Fig. 2. Ratios of the �+ prodution ross setions for Cu/C and Pb/C at p� = 500MeV/ as a funtion of the projetile energy T . The data were taken from [7℄(triangles, T = 0:73 GeV, #� = 15Æ), [8℄ (squares, T = 1:0 GeV, #� = 0Æ) and [9℄(irles, T = 1:05; : : :4:2 GeV, #� = 2:5Æ). The lines are linear �ts to the datapoints. The arrows indiate the energies measured at ANKE; the unertainties ofthe ratios at these energies are indiated.
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pK, MeV/cFig. 3. Ratios of theK+ prodution ross setions for Cu/C and Au/C as a funtionof the kaon momenta. Due to large bakground in telesope #1 the ross-setionratios are only shown for telesopes #2�15. The horizontal error bars indiate themomentum range overed by eah telesope.It an be seen from Fig. 3 that for Cu/C the ratio dereases slowly withinreasing kaon momenta. For Au/C there is a pronouned maximum atp � 250 MeV/. First theoretial analyses indiate that this behaviour anbe due to resattering of the produed kaons in the nulear environment [10℄.These proesses tend to slow down the produed kaons and lead to emissionangles out of the ANKE angular aeptane.



2164 S. Barsov et al.The momentum-integrated ross-setion ratios for the highest energymeasured at ANKE has been dedued from the data in Fig. 3 for Cu/C:*�K+Cu�K+C +p=150; :::510 MeV= = 3:6� 0:4 (T = 2:3 GeV) ; (3)and for the ratio Au/C:*�K+Au�K+C +p=150; :::510 MeV= = 6:6� 0:7 (T = 2:3 GeV) : (4)Note that these ratios are in rather good agreement with an A2=3 depen-dene of the total ross setions, whih is expeted if the kaons are produedby �rst-hane proton-nuleon ollisions (see e.g. [11�14℄). In this ase onewould expet total ross-setion ratios of � 3:0 for Cu/C and � 6:5 forAu/C. Thus, our values are in good agreement with expetations from asimple geometrial model for kaon prodution.A similar analysis at the lowest beam energy yields for the momentum-integrated ratio of the K+ prodution ross setions for Cu/C:*�K+Cu�K+C +p=150; :::510 MeV= = 5:6� 0:5 (T = 1:0 GeV) ; (5)and for the ratio Au/C:*�K+Au�K+C +p=150; :::510 MeV= = 9:2� 1:2 (T = 1:0 GeV) : (6)It has been shown [11�14℄ that at low beam energies the K+ prodution pro-eeds dominantly via two-step mehanisms where in a �rst proton�nuleonollision an intermediate pion is produed. After a subsequent ollision ofthis pion with a seond nuleon the K+ meson is emitted together with ahyperon. For suh mehanisms one expets a saling of the total K+ pro-dution ross setion roughly like � / A [11℄. It is interesting to note thatfor Cu/C the predited values (5.3 from [11℄ and 5.7 from [12℄) are in goodagreement with our data. However, for Au/C one would expet total ratiosof � 16 [11℄ (or � 14 from [12℄) whih are muh larger than our value of9:2 � 1:2 (within the ANKE aeptane). Currently, theoretial analysesare in progress in order to understand the apparently smaller number ofprodued kaons for the heavy gold target.



Measurement of Subthreshold K+ Prodution in : : : 2165Summarizing, di�erential data on K+ meson prodution in proton��nuleus ollisions have been obtained above and far below the free nuleon��nuleon threshold for various target nulei. The mass dependenes of theross setions under forward angles indiate the importane of K+ resatter-ing e�ets. Further analyses, like the extration of absolute ross setions,are in progress.This work has been supported by: BMBF, DFG, State of North�RhineWestfalia; Russian Aademy of Sienes, Russian Ministry of Sienes; PolishState Committee for Sienti� Researh, grant No.2 P03B 101 19; EuropeanCommunity. REFERENCES[1℄ http://ikpd15.ikp.kfa-juelih.de:8085/do/Anke.html.[2℄ S. Barsov et al., submitted to Nul. Instrum. Methods Phys. Res. A.[3℄ S. Barsov et al., Pro. XVth Partiles and Nulei Int. Conf., June 1�16, Upp-sala, Sweden; Nul. Phys. A663, 1107 (2000).[4℄ S. Barsov et al., Pro. VIIIth Int. Conf. on Hadron Spetrosopy, Aug. 24�28,Beijing, China; Nul. Phys. A675, 230 (2000).[5℄ R.A. Maier, Nul. Phys. News 7, No 4 (1997).[6℄ M. Büsher et al., Z. Phys. A355, 93 (1996).[7℄ D.R.F. Cohran et al., Phys. Rev. D6, 3085 (1972).[8℄ V.V. Abaev et al., J. Phys. G14, 903 (1988).[9℄ J. Papp et al., Phys. Rev. Lett. 34, 601 (1975).[10℄ W. Cassing, private ommuniation.[11℄ V. Koptev et al., JETP 67, 2177 (1988).[12℄ W. Cassing et al., Phys. Lett. B238, 25 (1990).[13℄ A. Sibirtsev et al., Z. Phys. A347, 191 (1994).[14℄ E.Y. Paryev, Eur. Phys. J. A5, 307 (1999).


