Luminosities in ANKE experiments with heavy nuclear targets

H.R.Koch

T he A - dependence of proton induced subthreshold K + - production was studied at ANKE in experiments with strip targets of C, Cu, Ag and Au [1]. It is expected that for targets of nuclear charge Z ³ 6 the lifetime of the circulating beamis limited byCoulomb - scattering.

Scattering angles scale roughlywith Z². T hus the luminostiyintegrated over the beamlife time should decrease with Z as LT

A

�/GW�a�= ². However in the

ANKE experiments a weaker dependence was observed:

LT ~ 1/Z 1.2 [2], suggesting that other particle - loss

mechanisms contribute. In order to accomplish optimal

accelerator conditions in future K + , K ˙ experiments a better

understan ding of energyloss in the target is needed.

A rough estimation of LT can be obtained fromintegral

formulae, which yield a Gaussian distribution of multiple

scattering through small angles and the mean energyloss

(Bethe - Bloch). T he calculation shows that for the relevant

COSY ring parameters and for a particle momentum

acceptance of D p/p < 0.3% particle loss through energy

degradation mayoccur for targets of Z £ 6. Recentlythe

energyloss induced bythe ANKE H

2 clustertarget could be

measured directly[3]. Beamlife times deduced fomthe

integral formulae alone maydiffer significantlyfromreality

as the tails of the probabilitydistributions (1/

�

.

, - = [5]. Energyloss is chosen according to the Landau distribution [6].

T he calculations show, that for typical thin solid state targets (10 to 1000 m g/cm²) LT is independent of target thickness a nd geometry. T herefore - for certain target and ring parameters - LT can be determined through MC calculations assuming a thin target of anygeometry.

T he following parameters were used for the heavy target luminositycalculations:

- beamenergy: T =1 GeV

- beta functions at target: b x=4m, b y=5m

- transv. accept. of COSY: Ax=50, Ay=16 p · mm· mrad

- figure of merit [4]: FM=1/( b x/Ax+ b y/Ay)=2.5

- target thickness: 1mg/cm²

- injection: ring filled to transversal ring acceptance

- acceleration: beamemittance shrinks with 1/p

- momen tumacceptance: D p/p = 0.1% or = 0.3%

- compens. of mean energyloss in target: ON or OFF

T he ANKE experiments were made with a coasting beam.

T hus energyloss was not compensated. Results of the calculations are given in table 1.

T ar get

Z

LT cm²/10 20 dp /p=0.3% with dE compens.

LT · Z² cm²/10 24 dp/p=0.3% with dE compens.

LT cm²/10 20 dp/p=0.1% without dE compens.

LT · Z 1.2 cm²/10 20 dp/p=0.1% without dE compens.

C 6 1130 4.1 270 2320

Cu 29 56 4.7 39 2220

Ag 47 25 5.5 19 1970

Au 79 9.8 6.1 8.4 1590

T a b. 1: Calculated integrated luminosities LT per circulating particle for the ring momentumacceptance dp/p=0.3% with compensation of the mean energyloss for each target crossing and for dp/p=0.1% without compensation of the mean energyloss.

LT changes r oughlyas expected for Z ³ 6, if the mean energyloss in the target is compensated (column 4). If energyloss is not compensated (coasting beam) and if the momentumacceptance of the storage ring is low(0.1%) luminosities are stronglyreduced for Z=6 target s (factor of

4) and slightlyreduced for Z=29 targets (factor of 1.4, column 5). T he luminosityobtained with an Au - target is onlyreduced bya factor of 1.16. T he observed Z - dependence of LT is roughlygiven byZ - 1.2

(column 6).

T he precise value of the exponent was not determined, because it has no physics relevance. It depends on COSY beamoptics which probablywill change in different beam experiments.

T he conclusion of the present studyis, that for experiments with coasting beamenergyloss in the t arget must be taken into account for targets of Z £ 29. In future experiments energyloss compensation should be applied, if maximumluminosityis desired.

References:

[1] M.Nekipelov et al., contribution to this Annual Report

[2] V. Koptev, preliminaryan alysis of ANKE data

[3] H.J.Stein, D.Prasuhn, Determination of Effective T arget

T hickness and LuminosityfromEnergyLoss at the

ANKE Cluster T arget, contribution to this Annual report

[4] H.R.Koch, Reaction Rates in Internal Solid State

T argets, Proc. 105 th International WE - Heraeus - Seminar on Hadronic Processes at Small Angles in Storage Rings

(1993) 67

[5] H.O.Meyer, NIM B10/11 (1985) 342

[6] L.Landau, Journal of Physics 8 (1944) 201