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New electron cooling system is designed to cool two heavy ion 
beams propagating in opposite directions at a distance about 30 
cm from each other. Engineering solutions for its basic elements 

are presented. The measurements of the electron cooler magnetic 
system and the influence of the adjacent solenoids in the cooling 

section on the resulting magnetic field are described. The 
potential opportunities to improve parameters of the experiments 

with ion beams using the electron cooling system are discussed.
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HHistory high voltage coolers 200kV<V <1MV at figs

CSRe cooler (300kVC) China Lanzhou IMP  2002



History high voltage coolers >1MV at figs

FNAL 4.3 MV TEVATRON cooler 2005 



3D design of NICA cooler 2.5 MV

2.5 MV electron 
cooler for NIKA is 
development of 
ideas used in COSY 
cooler 



Experience of the 
electron cooling of 
the high charge ions 
demonstrated 
shrinking beams at 
very small emittance.
High magnet field at 
cooling section help 
to rich high cooling 
rate without losses 
on electron-ion 
recombination 



Strong magnet field at cooler section nessesary for
reduction recombination without reducing cooling rate 

Bs=0.2 T
NICA

Te
eV

τcool
sec

τrec
sec

τrec/τcool

0.1 16 76 4.7

1 19 182 14

10 25 1000 42

100 35 4200 120

1000 55 17000 320

Table 1



Au beam energy 3 GeV/n 



More information in COOL19 report:
ID: 1521 Cooling commissioning results of first RF-based electron cooler LEReC, Alexei V. Fedotov (BNL, Upton, 
Long Island, New York) (remote report  )

4min cooling





Prototype of cooling 
section at process of 
magnet fields 
measurement.
Inside aluminum 
guide rail moved Hall 
probe with 3 D 
sensors of magnet 
field



Prototype of 1m cooling results of magnet 
fields measurements
With current 226 A.
Transverse components is results of offset 
from axis Hall probe. Transverse 
components possible to compensate with 
using incline coils as show figure:
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Design of cooling section NIKA cooler







Small deviation of 
electrons orbit can 
generate fast 
Larmor osciallations 
in electron beam 
that will decrease 
cooling rate



Production of magnetic elements



Production of magnetic elements



Design of the electron gun 
is the same as COSY 
cooler. Gun will 
modulated 5 beams at the 
transverse profile of 
electron beam. This will 
open possibility of detecte 
not only dipole shifting of 
beams but and 
quadrupole motion of 
elements of the electrons 
beam. With using this idea 
BPM became sensitive to 
space charge in electron 
beam. Easy detected the 
ions capture from the 
residual gas inside 
electron beam, beam 
size,…     



The vessel for 2.5 MV electrostatic colon p<10bar SF6.
The electron gun and collector inside HV terminal
The electron gun with low energy bending for protection the 
cathode from secondary ion beam bombarding. 
The collector equipped filter with crossing electrostatic and 
magnet fields for suppression reflected from collector electrons.  



Bottom flange of high voltage 
vessel with 3 sections for testing 
sparking between sections 



Sparking between sections
at air.
First sparking 20 kV after few 
discharges corona current
jumped from 13 uA to 5 uA
by sparking and training.
10kV*2SF6*4bar*40sect=
For 40 sections limit 3.2 MV
With corona current less 5 uA



Cascade transformer for powering
40 sections along electrostatic column.
COOL19:
ID: 1562 The Cascade Transformer for the High-Voltage Electron Cooling System for the 
NICA Collider, Andrey Petrovich Denisov (BINP SB RAS, Novosibirsk)
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Testing cascade 
transformer for 
sending electric power 
along high voltage 
sections in high 
voltage terminal.
Rloss=1Ohm/section
U=1000V, J=70 A
W=35 kW
Wloss=250 W/section
20 kHz



The acceleration tube for NICA cooler under 
vacuum condition testing. 

COOL19, ID: 1581 Vacuum Systems for the 
Coolers of the NICA Project, Alexander Bubley
(BINP SB RAS, Novosibirsk)



The vessels for high voltage colons ready 
for using



Simplest model electron 
cooling and IBS for NICA
Easy see more then 10 
times increasing 
luminosity. It depends of 
the initial number ions. 
For smaller number gain 
from initial luminosity 
will be large

How change luminosity NICA if cooling will compensated 
heating IBS, Beam-Beam effects. (For optimistic calculation)

Conclusion



Thank you for attention!

NICA hall for detector
Hall for cooler 2.5 MV 
Vladimir Reva wait arriavel
2.5 MV cooler for commissioning
at 2020 year (if we're lucky).
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