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ollaborationy(Re
eived De
ember 12, 1999)The a

elerator COSY at the Fors
hungszentrum Jüli
h provides protonbeams with energies up to 2.6 GeV for medium-energy hadron resear
h.ANKE, an internal target magneti
 spe
trometer at the internal beam ofCOSY, is used to investigate medium e�e
ts in proton�nu
leus rea
tions.It has been installed in the a

elerator ring and 
ommissioned in 1998.As a �rst experiment, subthreshold K+-produ
tion has been studied inp 12C 
ollisions.PACS numbers: 13.75.�n, 25.40.�h� Presented at the XXVI Mazurian Lakes S
hool of Physi
s, Krzy»e, PolandSeptember 1�11, 1999.y For a 
omplete 
ollaboration list see [1℄(357)
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trometer ANKEIn ANKE, the produ
ts from proton-indu
ed rea
tions are separatedfrom the 
ir
ulating 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 se
tion of the ra
e-tra
k shapeda

elerator ring towards the target and ba
k into the standard orbit. The
entral magnet D2 has a gap of 20 
m height and a large opening in itsC-shaped yoke to allow the pla
ement of dete
tors. The va
uum 
hamberof this magnet, as well as that of D1, are equipped with 0.5 mm thin Alwindows for the exit of the rea
tion produ
ts. Positively 
harged eje
tileswith momenta between about 100 MeV/
 and 600 MeV/
, like the kaons inthe subthreshold studies, leave the va
uum 
hamber of D2 through the sidewindow and are identi�ed with a dete
tor system [4,5℄ 
onsisting of a time-of-�ight setup of 23 start s
intillators 
lose to D2 and stop dete
tors withinthe 15 teles
opes at the fo
al plane of D2, and energy-loss dete
tors. Veto
ounters in these teles
opes dis
riminate against pions and simultaneouslyallow the identi�
ation of K+-mesons via their delayed de
ay 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 fromrea
hing the veto dete
tors. �erenkov 
ounters support the ba
kground sup-pression. MWPC's allow tra
k re
onstru
tion. Forward dete
tors 
onsistingof s
intillation hodos
opes and MWPC's (# 3�5) have been built for theanalysis of positively 
harged parti
les with large momentum whi
h leaveD2 in forward dire
tion. S
intillators and MWDC's near D1 will be used forthe study of ba
kward emitted eje
tiles. The dete
tor system for negatively
harged parti
les (Fig. 1) is under development.
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Fig. 1. Floor plan of the ANKE spe
trometerThe momentum 
alibration of the spe
trometer was 
arried out withforward emitted, almost mono-energeti
 pions of the rea
tion pp! �+d instrip targets (2� 20 mm2) of CH2. The obtained 
alibration and resolution
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trometer ANKE 359agree well with the results of simulation 
al
ulations using �eld maps ofD2 and with 
alibration pro
edures with the �oating wire method. Theresolution is limited through multiple s
attering in the material betweentarget and the wire 
hambers (va
uum window, start 
ounters and air).Fig. 2(a) 
ompares the 
al
ulated 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 
al
ulations whi
h, for higher �elds (up to1.6 T), lead to resolutions around 1%. The resolution of the spe
trometermagnet D2 itself (i.e. without multiple s
attering) is better than 0.5%.
0.02

0.03

0.04

0.125 0.175 0.225 0.275 0.325
pπ (GeV/c)

∆p
/p a)

E
ve

nt
s/

ch

200 300 400

x 104b)

π p

K

Time (44 ps/ch)

0

1

2

x 106
B (T) = 0.64 0.68 0.72 0.78 0.85

Fig. 2. (a) Momentum resolution at ANKE measured with pions. (b) Time-of-�ight spe
trum for kaons (shaded, with o�-line 
uts) and ba
kground parti
les(raw spe
tra) dete
ted in teles
ope 11 at a beam energy of T = 2:0 GeV2. Resear
h on medium e�e
tsThe investigation of the in�uen
e of the nu
lear medium on rea
tionsbetween nu
leons is an issue of strong interest. One way to gain informa-tion on these e�e
ts is the study of parti
le produ
tion in pA intera
tions atbeam energies below the 
orresponding free nu
leon�nu
leon threshold. Anespe
ially well suited probe is the K+-meson. It has a large mass so that 
o-operative e�e
ts enabling its produ
tion must be strong, and its strangeness
ontent redu
es �nal state intera
tions. The lower the energy Tp of theproje
tile proton the stronger must be the 
ooperative e�e
ts. The total
ross se
tion for subthreshold produ
tion has been measured for several tar-get materials [6℄ for 0:8 � Tp � 1:0 GeV, hen
e 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 thenu
lear wave fun
tion or two-step pro
esses (see also [7℄) with an interme-diate pion.In order to get more insight into the subthreshold pro
esses, ANKE isused for the measurement of double di�erential 
ross se
tions for the pro-du
tion of forward emitted K+-mesons, d2�= d
 dpK+ . This study is possi-ble [4℄ for Tp � 1:0 GeV in spite of a ba
kground of protons and pions with



360 S. Barsov et al.an intensity higher by a fa
tor 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 a
hieved with the use of very e�
ient hardwaretriggers based on time-of-�ight, energy loss and geometri
al 
riteria, whi
hallow to redu
e the integral rate (of mainly ba
kground) from about 106/sto less than 103/s, and with o�-line 
uts [5℄. It should be noted that allparti
les that hit an individual teles
ope (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 a
lean information whi
h is a
hieved in this way, the time-of-�ight spe
trumof K+-mesons whi
h has been observed with teles
ope number 11 is shownin Fig.2b). Su
h spe
tra of all teles
opes 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 theoreti
al predi
tions (see e.g. [7,13℄) is expe
ted to 
ontribute to theunderstanding of the subthreshold produ
tion pro
ess.It is planned to study also 
orrelated K+-light parti
le emission whi
his expe
ted if the K+-meson produ
tion involves nu
leon 
lusters [8℄. Theobservation of K+ and d 
oin
iden
es is 
onsidered as a �ngerprint of thetwo-step me
hanism [6, 9℄. Later the subthreshold K�-produ
tion will beinvestigated [10℄. REFERENCES[1℄ see http://ikpd15.ikp.kfa-jueli
h.de:8085/do
/Anke.html[2℄ R.A. Maier, Nu
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