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High voltage electron cooling in the NICA collider
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Two cooling systems (electron and stochastic)
will work both during beam accumulation and
during experiment.
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From COSY to NICA

The NICA high voltage cooler construction is based on 2 MeV cooler for the COSY
synchrotron (Juelich, Germany).
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E,=1.6 and 2 MeV
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LEReC is based on state-of-the-art accelerator physics
: _ 70000 and technology: reproducibly high quantum efficiency
With cooling - photocathodes with a sophisticated delivery system

' which can hold up to 12 cathodes simultaneously
(specifically designed to support long-term operation
with up to one cathode exchange per day); a high-
power laser beam with laser shaping and stabilization;
a high-voltage high-current DC gun; RF gymnastics
using several RF cavities; instrumentation, controls and
a machine protection system.
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High voltage electron cooling in the NICA collider

The HV ECS for NICA consists of two almost independent coolers.
Scheme with one electron beam looks very complicated
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Main problems:
 High energy (up to 2.5 MeV);

e [l l‘ Ulke — Y , *  Small distance between beams (320 mm);
L — — e Limited power consumption of the system
= — ) (not more then 700 kW).




After test it was
disassembled and sent

Partial assembling of to JINR

elements under the HV f-'f
vessels. )




Partial assembling of elements Continue assembling of transport channel elements in BINP

of transport channel in JINR
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Assembling of transport channel elements and cooling section




Conception of magnetized motion requires many coils

Longitudinal magnetic field

Cooling section — 180
Small toroids coils — 66
Large toroids coils — 60
Match sections — 48
Insert section — 110
Line transport section — 250
Bend section — 260
Line08 — 30
Hmatch section — 28
High Voltage Section— 180
HV Terminal — 46

And plus many correctors coils of the vertical
and horizontal magnetic fields

Total 1258
Type of coil types for longitudinal
magnetic field is about 20




The resonant principle of magnetized optics
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axial force line (s).

Electron motion in electron cooling system NICA.

| Radius of bend magnet is R=1m.The longitudinal

field is Bs=1kG. The electron has pass of the bend in
resonant way. The calculations are performed by
MAGEL code. At resonant energy, electrons entering
to bend without transverse energy leave it without
“heating”. Some of these energies are equal to 4.865,
2.5, 1.65,1.185 and 0.905 MeV. Electrons oscillate

relative to force line when passing a bend.
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Magnetic measurements — Bend elements

Horizontal bend Vertical bends Carriage for Hall probe
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Magnetic measurements — Straight Elements
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Magnetic measurements — Corrector
System of cooling section

Hall system of magnetic field measurement

regulate position of electron beam
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Why magnetic field quality 1s important in cooling section ?

Decreasing of the distortion of the force line of the magnetic field increases the maximal value of the friction
force. This effect is essential for small difference of ion momentum from equilibrium value.
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Cooling Section — Hall Measurement

kG Bs(s) G By(s)
0 T T T T T

] large difference between
tune in horizontal and
vertical direction

1S e
-2 1 1 1 By ” /ﬁ:% \:ﬁ l
00 290 300 i C ) I
G ABX(s) vdi ﬁ_‘_ F m’l-fj'
oF T T T I T‘f—: T “;: !
VN
|aL i"‘x.' } m
0 " [ -_: T A I
2= | | | = | | | tz:
100 %(%(1) 300 400 100 %%) 300 400 " 390 ]

Hall measurement has problem to distinguish between incline magnetic
field and incline of the hall probe. Rotation of the measurement system
slightly helps to solve this problem
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Compass Magnetic Measurements — Cooling Section

G =
:

f
.]‘::’:-“
! o=l
C. -
H
e
1

Array

<

Preamplifier |[<—| Integrator 5 %%’?e(gtl(r).r

Electronic unit
. < Synchr.
@@ Preamplifier — Integrator ) dg?ecmr

Current sensors




Compass Magnetic Measurements — Cooling Section

Use of cooling section correctors expand the

area of compass measurement Response profile from incline of one coil
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Blue is pure compass measurement
Red is combination of compass and
cooling section correctors

To tilt coil, the “edges” of the adjusting
unit was moved 5 turns (~2.5 mm) on top
and bottom of unit in one direction



After preliminary tuning of magnetic force line with Hall system and modification of
adjusting unit the quality of magnetic force line was improved by 10 times
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High voltage system

Purpose of the high voltage system is production of electron beam in electron gun and
acceleration for working energy in electrostatic tube. After interaction with ion beam electrons
move to high voltage again where they are decelerated in another electrostatic tube and dumped
in electron collector.
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Power transfer
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All 8 transformers were built and tested.

Construction of cascade transformer



32 uF

& 0.12 Ohm R
load

collector,
HVT

LI ¢RI

physics principle of operation of cascade transformer is combination of series and parallel resonances
induced by the leakage inductance and compensative capacitances
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1=blue, f0=20.1 kHz, R, ,;~17 Ohm
2=green, {0=20.4 kHz, R, ;=17 Ohm
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solenoids

Gun

Gun and collector

Gun and collector
control electronics
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Electronics of the high voltage column

One section contains 2 HV power sources (+- 30 kV) and power source for magnetic coils.
Connection with control computer is provided by ZigBee.
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Service platform for HV system

COSY cooler platform
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SF, system for NICA e-cooler
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Oil System for COSY e-cooler

O1l cooling system




Power sources production

Q

Tesm @

Corrector power sources: MPS-
20 sources are produced. MPS-

6 sources are produced and are

in the process of testing . Racks
for PS are being prepared for
assembling.

IST power sources are Cascade transformer power

produced and partly tested. sources are produced and are
Most of them are packed and  in the process of testing
ready for sending to JINR



Control electronics and BPM

BPM electronics Interlock system CAN-Ethernet gateway



BPMs position
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Thank you for your attention



