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Abstract
The electron cooling system of the NICA booster is in-

tended for accumulation of the ion beam at the injection 
energy and for cooling at some intermediate energy value 
before acceleration to the extraction energy. The system 
was produced in BINP (Novosibirsk, Russia) and commis-
sioned in the JINR (Dubna, Russia) in 2019. The current 
status of the electron cooler and the results of its tests are 
presented in the article.

INTRODUCTION
In order to achieve needed parameters of the ion beam in 

the NICA booster the ring will be equipped with low en-
ergy electron cooling system, which provides accumula-
tion of ions on injection energy (3.2 MeV/u) and on some 
intermediate energy (60-100 MeV/u) to prepare the beam 
for acceleration to the extraction energy. 

The electron cooling system was developed and com-
missioned in the BINP in 2016. In 2017 it was assembled 
and commissioned in the JINR. Its main parameters are 
shown in the Table 1.

Table 1: Main Parameters of the Cooler
Parameter Value
Ion type 197Au31+

Electron energy, E 1.5÷60 keV
Electron beam current, I 0.2÷1.0 A

<10-5

<10-4

Longitudinal magnetic field, B 0.1÷0.2 T
Electron current loses, Ileak/I -5

Vacuum pressure, Pa -11 mbar

Important feature of the system is possibility of work on 
different energies in one cycle of booster ring (ramp re-
gime). Since length of booster cycle is several seconds, re-
gime of the cooler have to be changed from injection to 
intermediate energy in period of about 0.5-1 sec.

CONSTRUCTION
The cooler is produced with the classical scheme

(Fig. 1). The DC electron beam is formed in the gun and 
then it is accelerated to work energy. After acceleration it
moves through the toroid magnet to the cooling section, 
where it interacts with ion beam. After that the electrons 

move though another toroid to the electron collector where
them are decelerated and absorbed on collector surface. 
Deceleration before collector is made to recuperate elec-
tron energy. 

On whole way from gun to collector the beam moves in 
longitudinal magnetic field. There are two reasons for it: 
the field provides transverse focusing of the beam; in the 
cooling section the field allows to make, so called, fast 
electron cooling [1]. In order to reach high homogeneity of 
longitudinal magnetic field in the cooling section, the sole-
noid is made of separate coils with possibility to rotate each 
coil around two transverse axes [2].

To compensate centrifugal force in toroid magnets spe-
cial electrostatic plates, which produce transverse electric 
field, are used. Use of electric filed instead of magnetic to 
compensate centrifugal force allows to increase recupera-
tion efficiency without improving of collector efficiency 
[3,4].

The gun and the collector are based on constructions 
used in previous coolers produced in BINP. The collector 
consists of two parts: main massive, oil cooled, electrode 
and ceramic insertion before it, which contains suppressor 
and pre-collector electrodes. The suppressor allows to pro-
duce potential barrier on the collector entrance in order to 
lock secondary electron in the collector, to increase its ef-
ficiency. The pre-collector electrode has the same voltage 
as the collector and provides symmetry of the potential in 
suppressor region. The electrostatic barrier in the collector 
is supplemented by magnetic plug, which is produced by 
special shape of the magnetic filed.

The main gun feature is four sector control electrode that 
provides measure not only beam position (with the help of 
beam position monitors, by modulation of voltage on all 
four sectors simultaneously) but also beam size (by modu-
lation of voltage on every sector separately) [5].

Solenoids of the magnetic system are powered with 4 in-
dependent high current power supplies (PS, IST type). 
Nominal value of the longitudinal field in the system is 1-
2 kG.

Besides high current supplies the system contains set of 
low current power supplies (5 and 20 A), which power
magnetic correctors of the cooler.

In order to work in ramp regime, correctors and HV sys-
tem must have capability to change output parameters for 
a period of 0.5-1 sec. It was decided, that high current PS 
(IST) will not change output current during ramp, because 
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Figure 1: Drawing of the electron cooling system for the NICA booster.
such type of PS are too slow, and there is possibility to 
make ramp regime without them.

Since synchronous change of electron beam energy 
with currents in magnetic correctors is difficult task (be-
cause it needs fast online measurements) and there is no 
necessity to cool beam during acceleration, it was decided 
to turn off the beam before change of its energy and turn it 
on after energy reaches another value. To turn off the beam
anode voltage will be set to 0 and control electrode voltage 
will be set to -2÷-3 kV. Synchronization of all systems is
done with the help of special electronic block (CGTI).

TEST RESULTS
After the cooler was commissioned some additional 

works with electronics and experiments with electron beam 
were carried out. Results of some experiments are pre-
sented below.

High Voltage Tests
Results of high voltage tests are shown in Fig. 2. Here 

one can see dependence of leakage current on voltage of 
the main power supply.

In Fig. 3 dependence of voltage and vacuum pressure on 
time for the same measurements are shown. Abrupt in-
crease of pressure on high voltage (higher then 40 kV) 
means that some discharge processes occurs in vacuum 
chamber of the cooler.

Beam Tests
During tests with electron beam in JINR current up to 

500 mA was achieved. Figure 4 shows dependences of 
main beam current and leakage current on time. Electron 
energy here is 10 keV.

Figure 2: Dependence of leakage current on voltage of 
main PS

Figure 3: Dependence of voltage of main PS and vacuum 
pressure on time during high voltage test.
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Figure 4: Results of tests with beam.

An interesting effect, which was observed during com-
missioning in JINR is vacuum pumping by the electron 
beam (during commissioning in BINP it was observer too). 
In Fig. 5 dependences of beam current, leakage current and 
vacuum pressure on time are shown. One can see, that 
when the beam is turned off vacuum pressure increases.

Design of the electron collector of the cooler supposes, 
that space charge of electron beam forms additional poten-
tial barrier in the collector entrance, improving collector 
efficiency. It means that on high values of current of main 
beam increase of beam current can lead to decrease of leak-
age current [6]. Since absorption of leaked electrons by 
walls of vacuum chamber, can cause desorption of neutral 
molecules and increase vacuum pressure, decrease of leak-
age current (while increase beam current) will decrease 
vacuum pressure. But in Fig. 5 one can see, that the leakage 
current decreases almost to zero value during turn off of 
the beam, that means the effect doesn’t related with leakage 
current.

Figure 5: Dependence of the main beam current, leakage 
current and vacuum pressure on time.

Such dependence of vacuum pressure on beam current 
can be explained by ionization of rest gas by main electron 
beam. Produced positive ions of gas can move along the 
beam to gun or collector, where they are absorbed on walls 
of vacuum chamber. This effect was observed on previous 
electron coolers [7].

If electron trajectory length from gun to collector is L
and ionization cross-section is , then one electron moving 
from gun to collector ionizes all atoms in volume v1:

1v L . (1)

Assuming that all ions later die on walls of the vacuum 
chamber, the volume v1 is equal to volume, evacuated by 
one electron. Number of electrons per second can be cal-
culated from electron current:

dN I
dt e

. (2)

Resulting pump speed (evacuated volume per second) is 
equal to volume evacuated by one electron multiplied by 
number of electrons per second

1
dv dN LI

v
dt dt e

. (3)

For good vacuum conditions rest gas mainly consists of 
hydrogen molecules. Estimations of pump speed for elec-
tron current 230 mA give pumping speed about 5 l/s, that 
is close to observed results.

Space Charge Effect
As it was said before, the electron gun has four sector 

control electrode, which allows to measure not only beam 
position, but also beam size. On Fig. 6 four pictures, show-
ing results of the beam size measurements on different 
BPMs with different current values are shown.

Figure 6: Electron beam size on different BPMs for differ-
ent current of the beam: a) 1-st BPM with 30 mA beam, b) 
3-rd BPM with 30 mA, c) 3-rd BPM with 115 mA, d) 3-rd 
BPM with 200 mA.

The first picture shows 30 mA beam on the 1-st BPM. 
The BPM is installed right after the electron gun and only 
beam size can be changed here. This picture can be consid-
ered as a reference for other pictures. Other pictures show 

16.6 16.7 16.8 16.9
0

200

400

600

I beam, mA
I leak, uA

t, hour

I, 
m

A

16.2 16.4 16.6 16.8
0

100

200

300

2 10 11

4 10 11

6 10 11

8 10 11

1 10 10

beam current, mA
leak current*10, uA
vacuum pres., mbar

t, hour

cu
rre

nt

P,
 m

ba
r

(a) (b)

(c) (d)

12th Workshop on Beam Cooling and Related Topics COOL2019, Novosibirsk, Russia JACoW Publishing
ISBN: 978-3-95450-218-9 ISSN: 2226-0374 doi:10.18429/JACoW-COOL2019-TUX01

TUX01
24

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

Electron Cooling



measurements from 3-rd BPM, which is installed in the end 
of the cooling section (about 4 m farther). One can see, that 
the picture depends on beam current value. Beam rotation
can be observed here, which depends on beam current
value. For small current (30 mA) there is almost no rota-
tion, but for higher current the rotation (counterclock-wise)
is stronger. This is result of the transverse drift of electrons 
in field of beam’s space charge and longitudinal magnetic 
field.

In axial symmetric system the electric field Er from the 
electron beam in radius R can be calculated with formula:

0 0

4 ( )
R

rE rj r dr
RV

, (4)

where V0 – electron velocity, j(r) – beam current density. 
Assuming, that transverse beam size is constant, one can 

estimate angle of beam rotation along system

2 2
0 0

4 ( )
R

r
DR

E L cL
c rj r dr

B R V B R V
, (5)

here L – distance, which beam passes, – time of flight, R 
– radius of electron, c – speed of light, B|| – longitudinal 
magnetic field.

For 10 kV beam with current 200 mA the equation (5) 
gives angle 15-20º, that is close to measured value. 

CONCLUSSION
The electron cooling system was commissioned in the 

JINR in 2017 and tested during last years. Electron beam
current up to 500 mA and voltage up to 50 kV were ob-
tained.

Results of measurements obtained in JINR (such as vac-
uum pressure and vacuum pumping by electron beam) 
show that quality of beam and vacuum conditions are good 
enough for system work in the booster.

Despite some additional work with electronics of the 
cooler is needed, the system is ready for work with ion 
beam.
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