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STUDY OF MEDIUM MODIFICATIONSWITH THE NEW SPECTROMETER ANKEAT COSY-JÜLICH�S. Barsov, V. Koptev, S. MikirtyhiantsPetersburg Nulear Physis Institute,188350 Gathina, RussiaU. Behstedt, G. Borhert, W. Borgs, M. Büsher, W. Erven,D. Gotta, M. Hartmann, H. Junghans, F. Klehr, H.R. Koh,P. Kulessa, R. Maier, H. Ohm, D. Prasuhn, R. Shleihert,H. Shneider, O.W.B. Shult, H. Seyfarth, K. Sistemih, H.J. Stein,H. StröherForshungszentrum Jülih, 52425 Jülih, GermanyM. Debowski, H. Müller, B. Rimarzig, Chr. ShneiderForshungszentrum Rossendorf, 01314 Dresden, GermanyR. EÿerUniversität zu Köln, 50923 Köln, GermanyF. RathmannUniversität Erlangen-Nürnberg, 91058 Erlangen, GermanyA. MussgillerFahhohshule Münhen, 80335 Münhen, GermanyB. Kamys, K. Pysz, Z. RudyJagellonian University, 30-059 Craow, PolandI. ZyhorThe A. Soªtan Institute for Nulear Physis, 05400 �wierk, PolandA. Kaharava, V.I. Komarov, A. Kulikov, V. Kurbatov,G. Maharashvili, S. Merzliakov, A. PetrusJoint Institute for Nulear Researh, 141980 Dubna, RussiaP. FedoretsInstitute of Theoretial and Experimental Physis, 117259 Mosow, RussiaM. NioradzeTbilisi State University, 380086 Tbilisi, Georgiafor the ANKE ollaborationy(Reeived Deember 12, 1999)The aelerator COSY at the Forshungszentrum Jülih provides protonbeams with energies up to 2.6 GeV for medium-energy hadron researh.ANKE, an internal target magneti spetrometer at the internal beam ofCOSY, is used to investigate medium e�ets in proton�nuleus reations.It has been installed in the aelerator ring and ommissioned in 1998.As a �rst experiment, subthreshold K+-prodution has been studied inp 12C ollisions.PACS numbers: 13.75.�n, 25.40.�h� Presented at the XXVI Mazurian Lakes Shool of Physis, Krzy»e, PolandSeptember 1�11, 1999.y For a omplete ollaboration list see [1℄(357)



358 S. Barsov et al.1. The spetrometer ANKEIn ANKE, the produts from proton-indued reations are separatedfrom the irulating beam of COSY [2℄ and their emission angles and mo-menta are determined. Three dipole magnets, see Fig. 1 and [3℄, guide thebeam out of its nominal path in a straight setion of the rae-trak shapedaelerator ring towards the target and bak into the standard orbit. Theentral magnet D2 has a gap of 20 m height and a large opening in itsC-shaped yoke to allow the plaement of detetors. The vauum hamberof this magnet, as well as that of D1, are equipped with 0.5 mm thin Alwindows for the exit of the reation produts. Positively harged ejetileswith momenta between about 100 MeV/ and 600 MeV/, like the kaons inthe subthreshold studies, leave the vauum hamber of D2 through the sidewindow and are identi�ed with a detetor system [4,5℄ onsisting of a time-of-�ight setup of 23 start sintillators lose to D2 and stop detetors withinthe 15 telesopes at the foal plane of D2, and energy-loss detetors. Vetoounters in these telesopes disriminate against pions and simultaneouslyallow the identi�ation of K+-mesons via their delayed deay into muonsor pions [5℄. Degraders are used for the optimization of the energy losses inthe �E ounters, to stop protons before them and to prevent kaons fromreahing the veto detetors. �erenkov ounters support the bakground sup-pression. MWPC's allow trak reonstrution. Forward detetors onsistingof sintillation hodosopes and MWPC's (# 3�5) have been built for theanalysis of positively harged partiles with large momentum whih leaveD2 in forward diretion. Sintillators and MWDC's near D1 will be used forthe study of bakward emitted ejetiles. The detetor system for negativelyharged partiles (Fig. 1) is under development.
COSY
beam

MWPC 1,2

MWPC 6,7

MWPC 3-5

Telescopes

TOF start
1

15

7

BD

Stop

Cerenkov

Degrader I

E
Degrader II

Veto

∆

Pmin

Pmax

^

SD

FD

Target

Positive ejectiles

Negative ejectiles

D1

D2

D3

1m

Fig. 1. Floor plan of the ANKE spetrometerThe momentum alibration of the spetrometer was arried out withforward emitted, almost mono-energeti pions of the reation pp! �+d instrip targets (2� 20 mm2) of CH2. The obtained alibration and resolution



Study of Medium Modi�ations with the New Spetrometer ANKE 359agree well with the results of simulation alulations using �eld maps ofD2 and with alibration proedures with the �oating wire method. Theresolution is limited through multiple sattering in the material betweentarget and the wire hambers (vauum window, start ounters and air).Fig. 2(a) ompares the alulated values for the resolution with the mea-sured ones in the ase of a low magneti �eld strength B. The good agree-ment proves the reliability of the alulations whih, for higher �elds (up to1.6 T), lead to resolutions around 1%. The resolution of the spetrometermagnet D2 itself (i.e. without multiple sattering) is better than 0.5%.
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Fig. 2. (a) Momentum resolution at ANKE measured with pions. (b) Time-of-�ight spetrum for kaons (shaded, with o�-line uts) and bakground partiles(raw spetra) deteted in telesope 11 at a beam energy of T = 2:0 GeV2. Researh on medium e�etsThe investigation of the in�uene of the nulear medium on reationsbetween nuleons is an issue of strong interest. One way to gain informa-tion on these e�ets is the study of partile prodution in pA interations atbeam energies below the orresponding free nuleon�nuleon threshold. Anespeially well suited probe is the K+-meson. It has a large mass so that o-operative e�ets enabling its prodution must be strong, and its strangenessontent redues �nal state interations. The lower the energy Tp of theprojetile proton the stronger must be the ooperative e�ets. The totalross setion for subthreshold prodution has been measured for several tar-get materials [6℄ for 0:8 � Tp � 1:0 GeV, hene far below the threshold at1.58 GeV. The authors have onsidered di�erent options for the interpreta-tion of their results, e.g. possible ontributions of high omponents of thenulear wave funtion or two-step proesses (see also [7℄) with an interme-diate pion.In order to get more insight into the subthreshold proesses, ANKE isused for the measurement of double di�erential ross setions for the pro-dution of forward emitted K+-mesons, d2�= d
 dpK+ . This study is possi-ble [4℄ for Tp � 1:0 GeV in spite of a bakground of protons and pions with



360 S. Barsov et al.an intensity higher by a fator of up to 106. The measurements have alreadybeen arried out at Tp = 1:0; 1:2; 1:5; 1:8; 2:0 and 2.3 GeV. The identi�a-tion of the kaons has been ahieved with the use of very e�ient hardwaretriggers based on time-of-�ight, energy loss and geometrial riteria, whihallow to redue the integral rate (of mainly bakground) from about 106/sto less than 103/s, and with o�-line uts [5℄. It should be noted that allpartiles that hit an individual telesope (and originate from the target)have the same momentum within � 10% due to the positioning in the fo-al plane. This is basi for the K+-identi�ation [5℄. As an example of alean information whih is ahieved in this way, the time-of-�ight spetrumof K+-mesons whih has been observed with telesope number 11 is shownin Fig.2b). Suh spetra of all telesopes provide the basis for the determi-nation of d2�= d
 dpK+. The results will omplement and extend the datafrom studies at SATURNE [11℄ and CELSIUS [12℄, and their omparisonwith theoretial preditions (see e.g. [7,13℄) is expeted to ontribute to theunderstanding of the subthreshold prodution proess.It is planned to study also orrelated K+-light partile emission whihis expeted if the K+-meson prodution involves nuleon lusters [8℄. Theobservation of K+ and d oinidenes is onsidered as a �ngerprint of thetwo-step mehanism [6, 9℄. Later the subthreshold K�-prodution will beinvestigated [10℄. REFERENCES[1℄ see http://ikpd15.ikp.kfa-juelih.de:8085/do/Anke.html[2℄ R.A. Maier, Nul. Phys. News 7, No.4, (1997).[3℄ M. Büsher et al., Phys. Sr. 48, 50 (1993).[4℄ M. Büsher et al., Z. Phys. A355, 93 (1996).[5℄ K. Sistemih et al., Pro. XVth Partiles and Nulei Int. Conf., June 1�16,Uppsala, Sweden, to be published.[6℄ V. Koptev et al., JETP 67, 2177 (1988).[7℄ W. Cassing et al., Phys. Lett. B238, 25 (1990).[8℄ C. Shneider, Ph.D. thesis, Tehn. Univ. Dresden (1996).[9℄ A. Sibirtsev, M. Büsher, Z. Phys. A347, 191 (1994).[10℄ H. Müller, Pro. 105th Int. WE-Heraeus-Seminar, Bad Honnef, Germany,Febr. 1�3, 1993, Konferenzen des FZ-Jülih 12/93, ISBN 3-89336-112-X,p.117.[11℄ M. D�ebowski et al., Z. Phys. A356, 313 (1996).[12℄ A. Balada et al., Phys. Rev. Lett. 80, 4863 (1998).[13℄ B. Kamys, referene ited in [10℄, p.215.


