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Abstract

The peculiarity of the injection kicker power supply in
the NICA Collider is related to same post-pulses of the
magnetic field that is appeared after a regular injection
pulse. The magnetic field of these post-pulses leads to an
increase of the stack ion angle spread during each injection
cycle. When the stack ion angles reach the acceptance an-
gle the ions are lost in the Collider. Influence of the injec-
tion kicker post-pulses on the storage of the ion stack is
considered in this paper in presence of the electron cooling
and the ion electron recombination losses.

INTRODUCTION

The project luminosity of Collider NICA corresponds to
107 cm2c! at collisions of Au”" ions [1]. To reach this lu-
minosity it is required to store N=6,6x10'" ions in each
ring [1]. The number of ions injected from Nuclotron is
equal to N,=10° per one injection cycle. The number of in-
jections in Collider depends on stored intensity and the ion
losses during accumulation. Transverse losses are related
to the ion transverse motion of ions and their recombina-
tion with electrons in the electron cooling system.

A peculiarity of Collider kicker main magnetic field
pulse generated by thyratron with forming line is con-
nected with parasitic post-pulses at an amplitude by 50
times smaller than amplitude of main pulse. The kicker par-
asitic post-pulses of magnetic field considerably affect the
transverse ion motion (Fig. 1). The kicker parasitic post-
pulses lead to the transverse loses during ion accumulation.
At the injection the stored ions pass through the kicker un-
der action of parasitic post pulses, which increases the ion
angle spread. When the ion angles reach a critical angle 0.,
defined by Collider acceptance these ions are lost.

Figure 1: The kicker pulse with parasitic post pulses.
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The transverse beam dynamic is defined by the kicker
magnetic field of parasitic post pulses, the electron cooling
and the ion betatron motion. The electron cooling damps
betatron oscillations and reduces the ion angle spread.
When ions pass through the electron cooling system they
recombine with electrons and then are lost. The betatron
stack ion phase is random at kicker entrance for each new
injection cycle. As result, the increase of ion angle spread
has diffusional character.

ION STORAGE IN COLLIDER

The initial spread of ions injected from Nuclotron to
Collider corresponds to:
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where 0 is the ion rms angle spread at the kicker entrance.
The ions are deflected on an angle at pass through kicker
at magnetic field B, of the parasitic post pulses
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where I is the kicker length, Z u A are charge and atomic
number of ions. The time of the parasitic post-pulses is
comparable with the stored stack revolution time. As a
result the magnetic field of kicker parasitic post-pulses
leads to the angle increase for n=40% of the stored ions.
The amplitude of ion angle at kicker exit is defined by an
initial angle at kicker entrance 6,=0, deflection angle AB of
parasitic post pulses and phase of betatron oscillations ¢:
0%, = 0% + 2006 cos @, + AO2. 3)
The electron cooling is used for reduction of the ion
angle spread, produced by parasitic post- pulses. The ion
angle is reduced between injection cycles in accordance
with equation:
a6y 6én
TR “)

where Ticoo=TeoolX(0ef? +0cn)*?/(0e® +00%)>? is the electron
cooling time, which also depends on the ion angle Ocn, Tcool
is the cooling time for the ion with the angle 0,
0cP=(vef/B%c? +o,2)/y? is the effective angle related to the
longitudinal electron temperature, and G, is the ion rms
momentum spread. The ion angle at cooling is reduced
from Oy to Ocni1 during the injection time Tip; as:

MOPABO017
93

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



©

©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

12th Int. Particle Acc. Conf.
ISBN: 978-3-95450-214-1

Tinj

F(an) - F(gcn+1) =
2 3/

F(ecn) = 3 (90211 + gezf
1/2 1/2

03, n{[(62, +62)"" — 0. /(02 + 6%

3
(62 +6%)2, (5)
1/2

2y 202:(02,+6%) "+

+ 6]}

The ion intensity is reduced by recombination of ions
with electrons at electron cooling during injection time Tiy
as:

Tcool

Npypq = Nnexp(_ Tinj/Trec)' (6)
where Ty is the recombination time, which is
2
Trec = Aeool? (7

)
ArecNe

here Ncoo=leool/C, leoo=6 m is the length of the cooling
section, C=503 m is the Collider circumference,
ne=l/nevre? is the electron density, I=1 A is the electron
beam current, r,=5 mm is the electron beam radius, and Otec
is the recombination coefficient. Approximation of the
recombination coefficient by the experimental data [2] is
given by
Qpyee = 10713Z,T,70385 cm3 /s, (8)
In accordance with the Bell formulas, the recombination
coefficient o rec (cm?/s) is [3]
13 Zz 1/3
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The ion storage rate dN,/dt is defined by the rate of
injected ions from the Nuclotron dNy/dTi,j, the rate of
recombination losses Np/Trc, and the rate AN,/Tiy; of lost
ions having an angle under the action of the kicker post-
pulses 0, larger than acceptance angle 0.,

e L R : (10)

COMPUTER CODE FOR SIMMULATION
OF ION STORAGE

A computer code was developed for simulation of the ion
storage, which involves effects of the kicker post-pulses,
the electron cooling, and the betatron motion. This
computer code consists of several blocks for simulations.
The first block is connected with input of initial data given
in Table 1.

The second code block describes the initial angle
distribution of ions injected from the Nuclotron. The third
code block is related to the influence of the kicker post-
pulses magnetic field. The fourth block describes the ion
losses if the ion angle is larger than the acceptance angle.
The fifth block calculates the ion angle reduction at

MOPABO017
9

IPAC2021, Campinas, SP, Brazil
ISSN: 2673-5490

JACoW Publishing
doi:10.18429/JACoW-IPAC2021-MOPABO17

electron cooling. The sixth code block is connected with
the losses to the ion—electron recombination. The seventh
code block represents the betatron motion at which the
stored ions that passed through the kicker at parasitic after
pulses have an a random betatron phase at each new
injection cycle. The eighth block describes the ion storage
under the action of the kicker post-pulses and the
recombination and injection of a new ion portion. The ninth
code block calculates the angle distribution function for
stored ions.

Table 1: Initial Dates

Parameter Value
Acceptance, mxmmxmrad 40
Relativistic factor, y 4.26
Rms emittance, &, mxmmxmrad 0.4
Kicker
Acceptance angle, 6., mrad L.5
Magnetic field, kG 1.3
Length, m 3.9
Ion deflection angle, mrad 12
Kicker parasitic post- pulses

Magnetic field, G 23
Deflection angle, A, mrad 0.18
Percentage of ions affected by post- 40

pulses, 1, %

ION STORAGE SIMULATION RESULTS

The electron cooling and recombination (Table 2) are
defined by the transverse electron temperature T. and the
ion momentum spread which increases with the number of
stored ions as 6,=0,0x(N/Ny)®, where 6,0=1.7x10* is the
initial ion momentum spread at the extraction from the
Nuclotron. The cooling and recombination times at 6y and
energy 4.5 GeV/n are given in Table 2. The reduction of
electron temperature to value of 1 eV leads to fast decrease
of the recombination time and a reduction of the stored ion
intensity.

Table 2: Cooling and Recombination Time

Te, eV vet/yPc Tcooly S TB-recy S Te-rec,§
103 2.6x10* 55 17000 6800
10? 2.5%10° 40 4843 2800
10 4.5x10°° 28 1115 1740
1 3.7%10°¢ 21 209 717

The stack ion angle distribution function after 30
injections is presented in Fig. 2 at A0=1.04x10",
00=1.54x10", 1c00=28 s, and Ti,=8 s. The dependence of
the number of stored ions on the number of injections is
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given in Fig. 3. One macroparticle corresponds to 103 ions
in these simulations.
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Figure 2: The stack ion angle distribution function after 30
injections.

The dependence of the FWHM square angle spread on
the number of injections is presented in Fig. 4. The FWHM
square angle spread is linearly increased with number of
injections. The dependence of the number of stored ions on
the kicker post-pulses deflection angle is shown in Fig. 5.
The losses for this post-pulses deflection angle are
relatively low and the ion intensity is increased practically
linearly with the number of injections.

The critical kicker post-pulses deflection angle
corresponds to AO=1.8x10*, at which the intensity of
stored ions is equal to the project value 6.6x10'°. The
magnetic field amplitude of parasitic post-pulses
Bp=23.4 Gs corresponds to 1.8% of the main magnetic
field of the kicker pulse. The intensity of stored ions
exponentially decreases with increasing kicker post-pulses
deflection angle when the rms stack ion angle spread 0 is
comparable with the acceptance angle Ocr.
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Figure 3: Dependence of the number of stored ions on the
number of injections.
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Figure 4: Dependence of the FWHM square angle spread
on the number of injections.

0,00074 0,00018 0.00022 000026 0.0003
AB

0.0001

Figure 5: Dependence of the number of stored ions on the
kicker post-pulses deflection angle at the electron
temperature Te=10 eV.

The magnetic field action of kicker post-pulses may be
partially compensating by the Collider feedback
system [1]. The feedback system permits to compensate
mismatching errors at ion injection during several tens of
revolution turns. The feedback kicker at length of 1.08 m,
voltage of 4 kV and operating at frequency 3 MHz will be
used also for a partial compensation of the ion deflection
angle produced by the magnetic field of the injection kicker
post-pulses.
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