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CERN, the European Organization for Nuclear Research, is an intergovernmental organization with 22

Member States.

Its seat is in Geneva but its premises are located on both sides of the French-Swiss border.

CERN’s mission is to enable international collaboration in the field of high-energy particle physics

research and to this end it designs, builds and operates particle accelerators and the associated

experimental areas. At present more than 11 000 scientific users from research institutes all over the

world are using CERN’s installations for their experiments.

The accelerator complex at CERN is a succession of machines with increasingly higher energies. Each

machine injects the beam into the next one, which takes over to bring the beam to an even higher energy,

and so on. The flagship of this complex is the Large Hadron Collider (LHC). There are several additional

facilities where beams of different energies are provided to experiments.





THE ELENA PROJECT

ELENA (Extra Low Energy Antiprotons) is a 30 m circumference ring for cooling and further

deceleration of 5.3 MeV antiprotons delivered by the CERN Antiproton Decelerator (AD) down to

100 keV, where the physics programme consists of trapping antiprotons to create anti-hydrogen atoms

after recombination with positrons. The ultimate physics goal is to perform spectroscopy on these

antiatoms at rest and to investigate the effect of the gravitational force on matter and antimatter. With

the current set-up without ELENA, antiprotons are sent directly from the AD with an energy of 5.3 MeV

to the experiments, which decelerate them using degrader foils or a Radio Frequency Quadrupole

Decelerator (RFQD) before capturing them in ion traps. Most (>95 %) of the antiprotons produced are

lost due to the deceleration process. By deceleration using a ring equipped with beam cooling, an

important increase in phase-space density and a high experiment injection efficiency can be obtained,

resulting in an increased number of trapped antiprotons. With the construction of the ELENA ring, the

AD experiments expect improvements of up to two orders of magnitude. In addition, ELENA will be

able to deliver beams almost simultaneously to up to four experiments resulting in an essential gain in

total beam time for each experiment. This also opens up the possibility of accommodating an extra

experimental zone.





• Means to increase the phase space density of a stored ion beam.

• Mono-energetic cold electron beam is merged with ion beam which is cooled through Coulomb 

interaction.

• Electron beam is renewed and the velocity spread of the ion beam is reduced in all three planes.

WHAT IS ELECTRON COOLING ?



Two gases of different

temperatures T1 an T2

tend to an equilibrium

temperature T3

Analogy with the 

mixing of gases

As the electron beam is continuously

renewed, the ion beam temperature

tends to the electron beam

temperature.

The velocity spread is reduced by a

factor (m/M)1/2



• Electron gun: thermocathode, Pierce shield, accelerating anodes

– final current given by Child’s Law: I = rV3/2

– the parameter r is the perveance and is given by 7.3mP (r/d)2

• Interaction section

• Collector

• The whole system is immersed in a longitudinal field

ELECTRON COOLING SETUP



THE NEED FOR ELECTRON COOLING
• Electron cooling essential in ELENA to counter emittance blow-up caused by the 

deceleration process.

• To prepare bunches with sufficiently low emittance for extraction to the experiments via the 

long electrostatic extraction lines. 

• Cooling needed at 2 momenta: 35 MeV/c and 13.7 MeV/c.

• Expected emittances prior to cooling: @ 35 Mev/c:

ε ~ 50 π mm mrad

(Δp/p) = ± 2 × 10-3

• Needed emittances at extraction:

ε ≤  ~ 3 π mm mrad

(Δp/p) ≤ ± 1 × 10-3



ELECTRON COOLER PARAMETERS
Momentum (MeV/c) 35 13.7

β 0.037 0.015

Electron beam energy (eV) 355 55

Electron current (mA) 5 2

Electron beam density (m-3) 1.38 x 1012 1.41 x 1012

Bgun (G) 1000

Bdrift (G) 100

Expansion factor 10

Cathode radius (mm) 8

Electron beam radius (mm) 25

Twiss parameters (m) βh=2.103, βv=2.186, D=1.498

Flange-to-flange length (mm) 2330

Drift solenoid length (mm) 1000



ELECTRON COOLER DESIGN



THE ELECTRON GUN

• Gun Flange

(DN100CF + BNC + Fil. connector )

• Cathode Assembly

• Grid Electrode

• Anode

• Ceramic Insulator



Gun and collector design optimization 

performed with EGUN and COMSOL 

Multiphysics



Vcath (V) Ie (mA) Perveance

20 0.395 4.416234256

30 0.698 4.247892724

40 1.06 4.1900179

50 1.45 4.101219331

60 1.83 3.937533069

70 2.18 3.722283383

80 2.53 3.535782489

90 2.82 3.302823334

100 3 3

New gun tested on linear test stand (solenoid field of 100 G)

Measured electron current and perveance



WHY A “COLD” CATHODE?

Source types:
Thermionic

Photoemission

Schottky/cold field emission

Thermionic emission requires heat to provide the energy to remove 

an electron from a material

Photocathodes require a pulsed laser and have short lifetimes

Field emission only requires an electric field (& a little heat for 

Schottky)



Most coolers use thermionic cathodes :
• Cathode heated to >1200°C

• Complicated connections

• Large energy spread in the electron beam (up to kT)

 adiabatic expansion used to reduce the transverse temperature

 longitudinal velocity spread reduced due to acceleration

Photocathodes
Complicated setup (laser, photocathode handling)

• Energy spread about 10 meV, can be reduced with expansion and acceleration

• Short lifetime

Cold cathodes
• Simple to operate

• Long lifetime

• High brightness source



Look into all possible technologies to produce an electron gun for the

ELENA electron cooler that does not require a heated source

Photocathode technologies

Investigate FE sources

Electron generator array (or MCP)

Simulation of beam generation and transport

Measurement of beam characteristics on the ecool test stand

Cooling test on ELENA



First electron beam produced 

with an EGA


