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Abstract. We summarize the contributions and the outcome of the discussions in the session on 'beam cooling and high
brightness’.

INTRODUCTION consists of calculating the scattering rate in the beam
rest frame based on the Rutherford scattering cross sec-
The many challenging beam cooling projects at hightion, transformation to the laboratory frame, and aver-
energies are the driving force behind the remarkableaging over phase-space and time. A number of different
progress in modeling and experimental verification re-approximations are used to obtain IBS rates for Gaus-
ported during the workshop. At FNAL the 4.3 MeV elec- sian beams, examples are the model by Piwinski [7],
tron cooler is presently being installed in the Recyclerits extention by Martini [8], the formulae by Bjorken-
[1]. Electron cooling at very high energies (55 MeV) Mtingwa [9] and by Wei [10]. The different approxima-
is proposed for the RHIC upgrade (RHIC-II) [2]. Elec- tions can differ by factors of 2, depending on the appli-
tron cooling up to 8 MeV is required for the proposed cation. In order to describe the detailed evolution of the
HESR [3] as part of the FAIR project at GSI [4]. Op- bunch density profile and also the beam loss, direct an-
timization of the proposed cooling scenarios, includingalytical or numerical solutions of the Landau collision
studies on rf manipulations, stochastic and electron coolterm, which has a Fokker-Planck structure, can be ob-
ing, intrabeam scattering, gas scattering, as well as otheained [12, 14, 13, 11]. Within the presented theoreti-
processes, requires not only accurate but also fast numetcal approaches one usually averages over these fast os-
ical models. On the other hand, existing electron coolerillations. However, one must keep in mind that for so-
storage rings, like CELSIUS at Uppsala [5], COSY at phisticated kinetic effects, like transverse beam echoes
FZ Julich [3], and ESR at GSI [6], operate at relatively observed recently in RHIC [16], accurate IBS modeling
low electron energies below 300 keV. To make reliablerequires the analysis of the Vlasov-Fokker-Planck equa-
predictions for the cooling dynamics at medium to hightion, without averaging. But in most cases the averaging
energies one has to critically check existing theoreticais justified because of the much longer IBS time scales.
models. Also, experimental results obtained at the existin case of the synchrotron motion the averaging is per-
ing cooler rings for the equilibrium beam parameters andormed also in nonlinear rf wave forms [14, 11]. Remark-
for intensity limits can be used to benchmark theoreti-able agreement between 1D Fokker-Planck simulations
cal models at low energies. At high energies, intrabeanand the observed IBS driven bunch profile evolution in
scattering theory for Gaussian beam can be checked witRHIC has been achieved [15]. Electron cooling in com-
high accuracy in RHIC and in the Tevatron. bination with IBS results in non-Gaussian beam distri-
Here, we categorize the topics addressed during thbutions. The kinetic description of cooling dynamics re-
workshop into four sections: intrabeam scattering, elecquires at least 1D and preferably 3D kinetic IBS mod-
tron cooling modeling, other heating and cooling pro-els. The 3D “IBS map” approach [12] might be a way
cesses, and intensity limiting effects. to include kinetic IBS in tracking codes. However, for
long-term kinetic simulations of electron cooling scenar-
ios reduced 1D Fokker-Planck models are still required.
INTRABEAM SCATTERING (IBS) In summary, the theory behind IBS for “hot” beams (far
away from crystallization) is considered as well under-
IBS refers to two-body, small-angle multiple Coulomb stood: Molecular dynamics simulation results on IBS
scattering processes between the beam particles. THates in ultra-cold beams are presented in Ref. [15]. Ex-
evaluation of IBS emittance growth or exchange ratePerimental results on 1D crystalline beams obtained in



the ESR can be found in Ref. [6]. Concerning the longitudinal cooling force a number of
Pertaining to IBS in “hot” beams, the following tasks comparisons between measured forces and the theories
are identified: were published in the literature [25, 26, 27]. It will be
. . worth re-investigating such existing data under the light
« Fast solvers for IBS rates including transverse cou- : .
. . of the new project challenges. Transverse cooling forces
pling and arbitrary rf wave forms o
: . . . are usually more difficult to measure. Recent results us-
« Fast numerical IBS models for simulations of ki-

ing kicked pencil beams in CELSIUS [5] look promising.

netic.coo.ling scenarios . _ Of special interest with regard to the new high energy
- 3D kinetic IBS solvers using macro particle meth- cooling projects is also the scaling of the cooling force
ods with the projectile charge numbgr Cooling forces cal-

- Benchmarking of kinetic IBS solvers with high res- culations based on the binary collision approach or on the
olution experiments, using beam echoes or other kidielectric theory exhibit &2 scaling law. Experiments
netic beam phenomena [28] as well as theoretical studies [29] showed a scaling

law ~ Z3/2 for the longitudinal cooling force, which can
be explained in terms of non-linear screening of the pro-
ELECTRON COOLING jectile ion by the electrons. Non-ideal plasma effects are
another possible explanation [30] of the experimental re-
For unmagnetized electrons the cooling force can be exsults.
tracted from the theory of hot plasmas. The resulting for- Pertaining to electron cooling, the following tasks are
mula by Budker [17] can be used as an order of magidentified and questions raised:
nitude estimate for the cooling rate. In a hot plasma the
Coulomb logarithm is large (usualty10). A sufficiently .
2 A . ing forces
strong longitudinal magnetic field greatly improves the , )
cooling forces. Analytical expressions for the friction ~ °* Measurement of magnetized cooling forces at low
force on a single ion moving through a magnetized elec- ~ €N€rgy using existing machines with proper control
tron distribution have been published by a number of ~ ©f the relevant cooler and beam parameters.
authors [18, 19, 20]. The cooling force estimations for * Are non-ideal or non-linear electron plasma effects
the RHIC-II [21] project are based on the Parkhomchuk ~ important at high energy ? Do we expect deviation
formula [22], which is an empirical generalization of from theZ? scaling law for the cooling force at high
the theoretical friction force for unmagnetized electrons. energy ?
Magnetized electron cooling will be crucial for RHIC-
Il and also for the HESR in order to achieve the required
cooling rates. Especially with regard to magnetized cool- OTHER PROCESSES
ing at high energy, the existing theoretical cooling mod-
els are regarded as insufficiently accurate. Complication®rogress has been reported concerning the modeling
arise from the small Coulomb logarithm for magnetizedof stochastic cooling especially on the fast numeri-
cooling. Further analytical difficulties result from the fact cal computation of the dispersion integrals [13]. It has
that electron scattering by a heavy particle in a magneti®een pointed out that the operational experience shows
field does not have a general analytical solution and exthat electron cooling and stochastic cooling cannot be
hibits chaotic orbits (see e.g. [23]). Experimentally, theswitched on simultaneously. However, stochastic pre-
correction of field misalignments is a challenging techni-cooling is routinely performed in storage rings [6]. Laser
cal problem. The precise knowledge of the residual fieldcooling in combination with electron cooling can result
errors is required for accurate simulations of beam coolin very low momentum spreads. First results on laser
ing. All these complication will make accurate (within cooling of C* ions were presented during the workshop
a factor of 2) predictions for magnetized cooling very [6]. For experiments with internal targets the achievable
difficult. On the other hand, macro-particle simulation luminosity depends on the target density. For the high
codes, like VOPAL [24], allow the calculation of elec- local densities in pellet targets the beam-target interac-
tron cooling forces from first principles. Using the tabu- tion can be the dominating beam heating mechanism that
lated forces extracted from a large number of simulationmust be balanced by strong electron cooling. Hence, de-
runs or fitting parameters one might be able in the futurdailed models of beam-target interaction are essential for
to achieve the required accuracy. Such simulations neethe design of future high energy storage rings [31]. The
to account for the various practical cooler imperfectionstheoretical models should be benchmarked against mea-
and also for collective electron-ion effects. In addition, surements at low energies. Another beam heating pro-
understanding of cooling forces through measurement€ess, called “electron heating” in electron cooler rings is
on the existing machines at low energies is important.

- Large-scale simulation studies of magnetized cool-



related to the nonlinear space charge field of the coolepartial support by the INTAS project 'Advanced Beam

electrons [32, 33].
Pertaining to topics in this area, the following tasks are
identified:

« Fast solvers for stochastic cooling calculations

- Understanding of the negative operational experi-
ence that stochastic cooling and electron cooling,’
can not co-exist — are there ways to effectively com-3.

bine stochastic and electron cooling ? 4,

« Benchmarking of beam-target interaction models g-
- Particle tracking studies of “electron heating” 7.
8.

INTENSITY LIMITS 919-0

Beam intensities in the existing cooler rings are mostly

limited by various kinds of collective instabilities. In- 73" A Burov. these proceedings
tensity limits discussed during the workshop were trans-4.
verse coherent dipole oscillations [33], longitudinal mi- 15.
crowave instabilities [34, 6] and two-stream instabili- 16.

ties induced by trapped ions [33]. The transverse dipole’: , 346
d18. Ya.S. Derbenev, A.N. Skrinskii, Sov. J. Plasma Phys. 4,

modes observed in HIMAC and COSY can be dampe
by feedback systems, whereas the longitudinal mi- q

crowave instability must be avoided by all means. Aboveyq.
transition energy the negative mass instability can effec21.
tively limit the equilibrium beam parameters [6]. A lat- 22.
tice with imaginaryy is proposed for the HESR in order 23

to enhance Landau damping to suppress longitudinal ang
4
transverse instabilities [34].

25.
Pertaining to intensity limits, the following tasks are g

identified and questions raised:

27. H.Danared, et al.,

- What is the driving impedance behind the coherent,g

instabilities observed in HIMAC and COSY ? Ade- 29,

tailed stability analysis taking into account electron

cooling, space charge and the resistive wall will be30.
31. O. Bezshyyko, et al., these proceedings

necessary.

Dynamics for Storage Rings’.
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