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eived September 16, 2000)The magneti
 spe
trometer ANKE has been put into operation in spring1998 at the 
ooler syn
hrotron COSY�Jüli
h. ANKE allows to momentum an-alyze eje
tiles emitted from an internal target at forward angles # � 0Æ withhigh angular a

eptan
e �
 � 50 msr. A primary goal of the physi
s programwith ANKE is the investigation of K+ produ
tion in proton�nu
leus 
ollisionsat energies around and far below the free nu
leon�nu
leon 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-ba
kground ratio is as low as � 10�6 at the lowest energy.Data on the target�mass dependen
e of the produ
tion 
ross se
tions 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 Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.y Now working at: BICRON Vertriebs GmbH, 42929 Wermelskir
hen, Germany.z For a 
omplete 
ollaboration list see [1℄.(2159)



2160 S. Barsov et al.1. The ANKE spe
trometerIn ANKE [2�4℄ forward emitted produ
ts from proton indu
ed rea
tionsare separated from the 
ir
ulating beam of COSY [5℄ and their emissionangles and momenta are determined. Three dipole magnets guide the beamout of its nominal path in a straight se
tion of the ra
e-tra
k shaped a

el-erator ring towards the target and ba
k 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 se
tions. The dete
tion system for theK+ identi�
ation is sket
hed in Fig. 1. It provides a horizontal (verti
al)angular a

eptan
e of # � �12Æ; : : :+12Æ (j'j < 3:5; : : : 5:5Æ). The dete
tors
onsist of:(i) 23 start 
ounters 
lose to the Al va
uum window at the side of D2(ii) 15 teles
opes [3, 6℄ whi
h are pla
ed at the D2 fo
al surfa
e to de-te
t positively 
harged eje
tiles in the momentum range from 110to 525 MeV/
 (at B = 1:3 T in D2). Ea
h of the range teles
opes(see Fig. 1) is 
omposed of Stop, �E, Veto s
intillation 
ounters andtwo degraders made of 
opper. Teles
opes #9�15 
ontain also lu
iteCherenkov 
ounters.(iii) 2 multi-wire proportional 
hambers (MWPC1 and MWPC2) whi
h areused to re
onstru
t eje
tile traje
tories. Ea
h of them has three anodeplanes with verti
ally and � 30Æ in
lined tungsten wires.
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ope #14 in the K+ dete
tionsystem.



Measurement of Subthreshold K+ Produ
tion in : : : 2161For the K+ identi�
ation the following information from the dete
tionsystem is utilized � see [3, 4℄ for a more detailed des
ription of the dataanalysis:(i) The eje
tile momenta are within � 10% de�ned by the 10 
m wideteles
opes at the fo
al surfa
e of D2. They were kept 
onstant for allbeam energies by �xing the D2 �eld strength and the relative target-D2-dete
tor geometry.(ii) For a given momentum pions, kaons and protons have di�erent ranges.The thi
knesses of the s
intillators and of the degraders were 
hosensu
h that protons from the target are stopped before they rea
h the�E 
ounters. Kaons are stopped in the se
ond degraders or in the farend of the �E 
ounters whereas pions and s
attered protons with thesame velo
ity as kaons traverse all 
ounters of the teles
opes if theydo not undergo a nu
lear rea
tion. The degraders installed in front ofthe �E 
ounters are tapered to 
ompensate for the momentum spreada
ross ea
h teles
ope.(iii) Fast hardware 
oin
iden
es between the Start and Stop 
ounters allowto sele
t parti
les with the same momentum but di�erent emissionangles and to set narrow gates on the TOF spe
tra for kaons.(iv) The de
ay of kaons with a mean lifetime of 12.4 ns is a strong 
riterionfor the sele
tion of K+ 
andidates.Only events with signals in the Veto 
ounters delayed by more than 1.3 nswith respe
t to prompt parti
les dete
ted in the same teles
ope have beena

epted. A 
ombination of 
riteria (i)�(iv) together with an o�-line analysisof the MWPC information and of energy losses in all s
intillation 
ounterspermits to identify kaons even at T = 1:0 GeV. The measurements with thedi�erent targets were 
arried out under identi
al settings of the spe
trometerdipole D2 and the dete
tion system. Thus, the dete
tion e�
ien
ies for kaons(and pions) produ
ed in the di�erent targets are equal.2. Target�mass dependen
e of the K+ produ
tion 
ross se
tionsIn order to extra
t absolute double di�erential 
ross se
tions from thenumber of identi�ed kaons, one has to 
orre
t for kaon de
ay-in-�ight be-tween target and teles
opes, the angular-momentum a

eptan
es, the de-te
tion e�
ien
ies in the s
intillators, MWPC ine�
ien
ies and dead-timee�e
ts. These analyses are in progress now. However, already at the 
urrentstage of the analysis one 
an extra
t the 
ross se
tion ratios for the di�erent



2162 S. Barsov et al.targets (and thus the mass dependen
e of the K+ produ
tion 
ross se
tion)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, respe
tively,while �C� refers to 
arbon. nK+ is the number of identi�ed kaons in ea
hteles
ope i normalized to the proton-beam �ux. Monitoring of the protonbeam intera
ting with the target was done with an a

ura
y of 2% usingteles
opes #2�5 in 4-fold 
oin
iden
e and thus sele
ting eje
tiles from thetarget whi
h pass by the spe
trometer dipole D2 (see Fig. 1). L standsfor the integrated luminosity during data taking for the parti
ular target.The luminosity ratio 
an be dedu
ed from the ratio of pion rates, measuredunder identi
al experimental 
onditions for ea
h target during 
alibrationruns using an on-line trigger optimized for �+ dete
tion:LCLA = "n�+Cn�+A #tel#15 "��+A��+C #p=500 MeV=
 : (2)In Eq. (2) n�+ is the number of pions dete
ted by teles
ope #15 withmomenta of 490, . . . 525 MeV/
, normalized to the proton�beam �ux (seeabove). For a momentum of 500 MeV/
 the ratio of the pion-produ
tion
ross se
tions ��+ 
an be extra
ted 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-se
tion ratios for Cu/C and Pb/C 
al
ulatedfrom those data. From Fig. 2 one 
an dedu
e the �+ produ
tion 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 the
ross se
tion 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 s
aling as A1=3(= 2:58). Thus, assuming an A1=3 dependen
e, it is possible to 
al
ulatefrom 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 se
tion ratios (within 2%) areindependent of the �+ emission angle within the ANKE angular a

eptan
ej#�j < 12Æ.Fig. 3 shows the dedu
ed K+ 
ross-se
tion ratios at T = 2:3 GeV usingEqs. (1), (2) and the �+ ratios given above. The error bars in
lude onlythe statisti
al un
ertainties of the kaon data. From the normalization bythe pion ratios, an additional overall un
ertainty of � 10% has to be added.
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Fig. 2. Ratios of the �+ produ
tion 
ross se
tions for Cu/C and Pb/C at p� = 500MeV/
 as a fun
tion of the proje
tile energy T . The data were taken from [7℄(triangles, T = 0:73 GeV, #� = 15Æ), [8℄ (squares, T = 1:0 GeV, #� = 0Æ) and [9℄(
ir
les, T = 1:05; : : :4:2 GeV, #� = 2:5Æ). The lines are linear �ts to the datapoints. The arrows indi
ate the energies measured at ANKE; the un
ertainties ofthe ratios at these energies are indi
ated.
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pK, MeV/cFig. 3. Ratios of theK+ produ
tion 
ross se
tions for Cu/C and Au/C as a fun
tionof the kaon momenta. Due to large ba
kground in teles
ope #1 the 
ross-se
tionratios are only shown for teles
opes #2�15. The horizontal error bars indi
ate themomentum range 
overed by ea
h teles
ope.It 
an be seen from Fig. 3 that for Cu/C the ratio de
reases slowly within
reasing kaon momenta. For Au/C there is a pronoun
ed maximum atp � 250 MeV/
. First theoreti
al analyses indi
ate that this behaviour 
anbe due to res
attering of the produ
ed kaons in the nu
lear environment [10℄.These pro
esses tend to slow down the produ
ed kaons and lead to emissionangles out of the ANKE angular a

eptan
e.



2164 S. Barsov et al.The momentum-integrated 
ross-se
tion ratios for the highest energymeasured at ANKE has been dedu
ed 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-den
e of the total 
ross se
tions, whi
h is expe
ted if the kaons are produ
edby �rst-
han
e proton-nu
leon 
ollisions (see e.g. [11�14℄). In this 
ase onewould expe
t total 
ross-se
tion ratios of � 3:0 for Cu/C and � 6:5 forAu/C. Thus, our values are in good agreement with expe
tations from asimple geometri
al model for kaon produ
tion.A similar analysis at the lowest beam energy yields for the momentum-integrated ratio of the K+ produ
tion 
ross se
tions 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+ produ
tion pro-
eeds dominantly via two-step me
hanisms where in a �rst proton�nu
leon
ollision an intermediate pion is produ
ed. After a subsequent 
ollision ofthis pion with a se
ond nu
leon the K+ meson is emitted together with ahyperon. For su
h me
hanisms one expe
ts a s
aling of the total K+ pro-du
tion 
ross se
tion roughly like � / A [11℄. It is interesting to note thatfor Cu/C the predi
ted values (5.3 from [11℄ and 5.7 from [12℄) are in goodagreement with our data. However, for Au/C one would expe
t total ratiosof � 16 [11℄ (or � 14 from [12℄) whi
h are mu
h larger than our value of9:2 � 1:2 (within the ANKE a

eptan
e). Currently, theoreti
al analysesare in progress in order to understand the apparently smaller number ofprodu
ed kaons for the heavy gold target.



Measurement of Subthreshold K+ Produ
tion in : : : 2165Summarizing, di�erential data on K+ meson produ
tion in proton��nu
leus 
ollisions have been obtained above and far below the free nu
leon��nu
leon threshold for various target nu
lei. The mass dependen
es of the
ross se
tions under forward angles indi
ate the importan
e of K+ res
atter-ing e�e
ts. Further analyses, like the extra
tion of absolute 
ross se
tions,are in progress.This work has been supported by: BMBF, DFG, State of North�RhineWestfalia; Russian A
ademy of S
ien
es, Russian Ministry of S
ien
es; PolishState Committee for S
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