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Abstract

The Accumulator Cooler Ring (ACR) is proposed for a
storage ring complex called MUSES (Multi-Use
Experimental Storage rings) inRI-BeamFactory Project at
the Institute of Physical and ChemicalResearch (RIKEN) .
In combination with a stochastic cooling, the electron
cooler with an adiabatically expanded beam is expected to
improve the quality of the ion beam in ACR [1].  The
electron gunwith themagnetic field 5T and theacceleration
voltage 300kV was investigated in calculation.  And the
electron trajectories in the adiabatic expansion with the
magnetic field from 5T at gun to 0.2T at cooling section
was also calculated.  The electron transverse velocity are
shown tobecome 1/5 due to the adiabaticexpansion.

1  ¬¬ INTRODUCTION
Electroncooling hasbeen proven to be one of the effective

methods toreduce thephasespacevolume ofparticle beams
in the accelerators.  A scheme of adiabatic transverse
expansion has been chosen to achieve lower electron
transverse temperaturethan thatdirectly from a cathode.
It is well known that the average transverse energy

<Etrans>of the ensemble of electrons divided by the axial
magneticfield is adiabaticinvariant:

<Etrans>/B = const.
ÿTherefore, bychanging the strength of solenoidfield from

the gun section to the interaction region adiabatically,
namely the length of field change is much larger than
electron  gyration radius, the transverse temperature of the
electron beam could be reduced by a factor of Bf/Bi where
subscript findicates the final value and i theinitial value.

2¬ DESIGN PARAMETERS FOR
ELECTRON COOLER

The electronkinetic energy Eecan be determined by the
nominal energy of the ion beam Ei according to the
following relation:
Ee[MeV] = (εe/εi) Ei[MeV],

where εe = 0.511MeV and εi  = 931.501MeV/u.  The ion
energies in ACR range from 100MeV/u to 500MeV/u,
which translate to electron energies from 55keV to274keV.
We set the maximumaccelerationvoltage to be300kV.
The beam diameter of 50mm is derived from the

requirement to cover the horizontal sizze fo ion beams
(maximum emittance of 125π mm mrad and horizontal
betatron function of5m.)  Anaxial magnetic fiels of0.2T is
chosen toÿ satisfy magnetization condition for the lightest

ions and theexpansionfactor of 25 corresponds to the field
5 T in the gun section.  The maximumavailable current is
determined by the perveance of the gunwhich isfixed by the
geometry and the extraction potential which is practically
limited by the electrical discharge limit.  In our case the
current of 4 A isconsidered to beviable.  The length of the
cooler is 3.6 m within a perimeter of  168.48m.  All the
relevant parameters are summarized inTable.

3 ELECTRON G U N
The electron gun with the magnetic field 5T and

accelerationvoltage 300kV was investigated inEGUNcode
and the result is shown inFig.1.  Electron beams from the
cathode with 5mm in radius are accelerated without
expansion in the strong magnetic field.  Anode - Cathode
voltage is 30kV and the number ofaccelerationelectrode is
18.  The acceleration voltages are equally divided by these
electrodes.  Theperveance is0.79µP in thiscalculation and
the current is 4A.
Next the electron trajectories in the field expansion type

of electron cooler was calculated with the electron gun
shown in Fig.1 and the result is shown in Fig.2.  The
electron beams expand according to the reduction in
magneticfield and the beam radiuswith 5mm at thecathode
becomes 25mm at cooling section.  The magnetic field on
axis used in this calculation was represented by the
combination of the analytical expressions of solenoidcoil.
The parameters of these solenoidcoils wereadjusted sothat

Table    Parameters of ElectronCooler

Accelerationvoltage 300kV

Magneticfield (Gun) 5T

(Coolingsection) 0.2T

Cathode diameter 10mm

Beamdiameter incooling section 50mm

Current 4A

Perveance 0.79µP

Anode-Cathodevoltage 30kV

length of cooling section 3.6m
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the flatness in the magnetic field(|dB/B|) in the gunsection
and the cooling sectionbecomewithin 5.0*10-4.  
The radial and azimuth velocity of the electron starting

5.5mm offaxis are shown inFigs.3 (a) and (b)respectively.
These velocities increase at the transition region in
magneticfield (z =1000 - 2500mm) anddecrease atcooling
section.  The velocity spread at gun section gradually
decreases andbecomes 1/5 atcooling section.

4 ADIABATIC PARAMETER
Figure 4 shows the adiabatic parameter χ, which is

defined as

χ = λ c

B

dB

dz
 .

λc is the spiral length of the cyclotronmotion:

λ c =
2π 2meEe

eB
 .

Ee is the electron energy pararell toaxis.  Adiabatic conditon
is χ << 1.  The adiabatic parameter inthis electron cooler is
0.1 in maximum andrelatively  large.  This is due to high
acceleration voltage.  But Figure 3 (a) and (b) show the
transverse velocity decreases adiabatically in this
calculation.

5 CONCLUSION
Electron trajectories and the transverse velocities were

investigated in the electron cooler for ACR with the
magneticfield 5T in the gunregion and0.2T in thecooling
section and 300kV accelerating voltage.  The calculation
shows that the fluctuations of thetransversevelocityreduce
to 1/5 at cooling section owing to theadiabaticexpansion.

Figure 1: Electron gunwith magneticfield 5T andaccelerationvoltage 300kV
(unit: mm in length)

Figure 2: Electron trajectories inadiabaticexpansion
(unit: mm in length)
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Figure 4: Adiabaticit parameter in this
electron cooler
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Figure¥3: Transverse electronvelocity starting
5.5mm off axis.  (a) is radial and (b) is
azimuthal velocity.
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