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The NICA ion collider project at JINR is under development at present. As a part of the project the Nuclotron in-
jector upgrade has been started. The work is provided in cooperation of JINR, MEPhI and ITEP. Up to now the Nu-
clotron injection system consist of a number of proton and ion sources, the 650 keV pulsed preinjector and DTL
linac LU-20 (Alvarez type). Such system provides injection into Nuclotron of 20 MeV proton and 5 MeV/u
(Z/A >0.3) ion beams. The ion beam acceleration is realized at the 2" harmonic of bunch travelling mode. The
650 kV high-voltage platform will be replaced by new RFQ structure. The R&D of this system is discussed in the
report. Results of beam dynamics simulation in RFQ and MEBT between RFQ and LU-20, electrodynamics simula-
tion, construction of RFQ resonator, RF feeding system construction will be presented. The RF power system is

assembled and tested at equivalent load and RFQ resonator manufacturing is started.

PACS: 29.17.w, 29.27.Bd
INTRODUCTION

The new accelerator complex NICA (Nuclotron-
based lon Collider facility) is now under development
and construction at JINR. The injection system of the
operating heavy ion superconducting accelerator Nuclo-
tron is upgrade is planned. Moreover, construction of
the booster ring, the collider rings and two particle de-
tectors (MPD and SPD) is in progress (Fig. 1).

R

Fig. 1. Scheme of NICA facility: 1 — light and polarized
ion sources and “old” Alvarez-type linac LU-20;

2 — ESIS source and new linac; 3 — Synchrophasotron
yoke, Booster and Nuclotron; 4 — Nuclotron beam lines
and fixed target experiments area; 5 — the collider
rings; 6 — SPD; 7 — MPD

General goal of the NICA project is experimental
studies of both hot and dense strongly interacting bary-
onic matter and spin physics in collisions of heavy ions
and polarized protons and deuterons [1-4]. The first
task of the program requires heavy ion collisions in the

energy range of /S, = 4...11 GeV at an average lumi-

nosity of L=1-10%" cmc™ for 1¢;Au’** nuclei. The polar-
ized beams mode is proposed to be used in the energy
range of collision energy of protons /S =12...27 GeV

8

and deuterons /S, =4...13.8 GeV (2...5.9 GeV/u ion

kinetic energy) at an avarege luminosity L > 1-10* cm?c™.

The NICA project assumed to operate using two in-
jectors [5]: the Alvarez-type linac LU-20 as injector for
light ions, polarized protons and deuterons and a new
linac HlLac for heavy ions. The Electron String Ion
Source (ISIS) is planned for ion beam generation
meanwhile the Source of Polarized (SPI) is planned for
polarized proton and deuteron beam generation [6]. Up-
grade of LU-20 front end is described.

1. LU-20 INJECTION LINAC UPGRADE
PROGRAM

Alvarez-type DTL linac LU-20 used as the Nuclo-
tron injector. was put into operation in 1974. It was
originally designed as the proton accelerator. Protons
can be accelerated by LU-20 from 600 keV to 20 MeV.
Later it was modified to accelerate ions with charge-to-
mass ratio Z/A>0.3 due to modification of operational
mode from L = B\ to 2pA. That made it possible to ac-
celerate also ions up to 5 MeV/u [7].

The pulse transformer with voltage up to 700 kV is
now used to feed the accelerating tube of the LU-20
forinjector. The ion sources used up to now and placed
at the HV “hot” platform consumes up to 5 kW power,
which is provided by feeding station consisting of motor
and generator insulated one from the other with wood
shaft. Power consumption of the new ion sources is
~15 kW for ESIS and ~25 kW for SPI [6]. Such power
level can not be provided by the existing system. The
new fore-injector will be based on radio-frequency
quadrupole linac (RFQ). Replacement electrostatic tube
with RFQ will allow to decrease potential of the “hot”
platform and to use the insulation transformer to feed
the sources. High voltage (up to 150 kV) DC power
supply will be used to provide necessary electric poten-
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tial. Installation of two separate RFQ (for Z/A=1 and
Z/A=0.3...0.5) can be made to cover the necessary range
of particles charge-to-mass ratio [6]. The RFQ section
parameters are shown in Table 1.

Table 1
The forinjector design parameters
Forinjector Input
ZIA 1.0 0.5 0.3
Injection energy, keV <150 | 61.8 103
Maximum current, mA 40 20 10
Normalized transverse
emittance, -cm-mrad 0.4 0.2 0.15
Operating frequency, MHz 145.2
Output

Output energy, MeV/u 0.631 | 0.156 | 0.156
Transmission RFQ, % >80 >85 >90
Aplp, % <6 | <4 <4
Normalized transverse <1.0 | 0.5 <05
emittance, n-cm-mrad
Resonator length, m <3 <3 <3
Voltage at electrodes, kV 126 84 140

The new RFQ linac project is performed in collabo-
ration of JINR, MEPhI and ITEP. The beam dynamics
simulation, RF resonator simulation, construction and
drawing and RF system development and manufacturing
are finished till present. The accelerating resonator is
now under manufacturing at VNIITP (Snezhinsk). Let
we discussed the main R&D results.

2. BEAM DINAMICS IN RFQ RESONATOR

The results of beam dynamics simulation and RFQ
channel parameters definition are discussed in detail
later. It wills very complex goal to achieve the project
parameters because of very low output energy and high
injection beam emittance and leads to non conventional
RFQ linac design.

Table 2

Beam dynamics simulation parameters
ZIA 03 | 05
Injection and output energy, keV/u 31...155
Normalized acceptance, m-cm-mrad 0.5
Normalized emittance, m-cm-mrad 0.15 0.2
Limiting current (simulated), mA 190 114
Transverse oscillations phase ad-
vance, deg 26.5
Longitudinal oscillations phase
advance, deg 23.5
Synchronous phase, deg -90...-40
Output pulse spectrum, % +25
Averaged distance of electrode
from the axis, mm 6.5
Electrodes modulation coefficient 1.28
Aperture radius, mm 5.7
Cells number 194
Linac total length, mm 2070
Current transmission coefficient, % 91/ 88/
without/with buncher 93 89
Transverse emittance growth, 1.33/ | 1.18/
without/with buncher 125 | 1.14
Longitudinal emittance growth, 2.89/ | 2.89/
without/with buncher 196 | 1.61
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The scheme of accelerating-focusing RFQ channel
consists of matching, bunching, main accelerating and
debunching sub-sections. The main channel and beam
parameters were defined by analytical model and beam
dynamics simulation and are presented in Table 2. The
parameters of channel were choosing by the method
proposed in [8].

The beam dynamics simulations were done using
codes RFQDYN, DYNAMION [9] developed at ITEP
and LIDOS [10] developed at MRTI RAS. Two possi-
ble schemes were discussed: without of matching reso-
nator (buncher) before RFQ resonator and with such
buncher. The results of simulation are presented in
Table 2 and Figs. 2, 3.
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Fig. 2. Output particles distribution in transverse and longi-
tudinal phase planes, Z/A=0.3, without matching resonator
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Fig. 3. Output particles distribution in transverse and lon-
gitudinal phase planes, Z/A=0.3, with matching resonator

It is clear that the matching resonator sufficiently
decrease the output beam emittance. The current limit of
the structure was also defined by simulation (Fig. 4).
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Fig. 4. Current transmission versus injection current
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3. RFQ - LU-20 MATCHING CHANNEL

Matched channel should provide total beam re-
capturing in the next section. But in our case it is very
serious problem because of long transport base between
the RFQ end and the first LU-20 drift tube (correspond-
ing to the LU-20 vacuum system parameters) and low
injection energy of LU-20. Seven different matching
schemes were simulated to obtain high recapturing effi-
ciency. The most common matching scheme is present-
ed in Fig. 5. Such scheme includes up to three bunchers
(before RFQ R, after RFQ B1 and into vacuum seal of
LU-20 B2). Two magnet quadrupole triplets (Q1-Q6)
are used for transverse beam matching.
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Fig. 5. Matching system scheme

It was shown by simulation that the optimal match-
ing can be achieved using only R and B1 without B2
buncher. Up to 90% of injected into RFQ ions for
Z/A=0.3 and 87% for Z/A=0.5 are effectively transport-
ed to the first LU-20 drift tube and 79% for Z/A=0.3 and
71% for Z/A=0.5 will injected into measured LU-20
acceptance. Transverse losses are very low in transport
and all of them are due to longitudinal bunch size en-
largement. Using of the third buncher no gives no some
advantages but makes very seriously complex vacuum
and RF systems much more complicated.

4. RFQ RESONATOR

The four-vane resonator with displaced magnetic
coupling windows [11] was chosen for NICA the RFQ
design. Operating frequency is of 145.2 MHz and such
frequency is defined by the LU-20 main resonator oper-
ating frequency. The simulations of electrodynamics
characteristics of the resonator were done using CST
Studio Suite code. The models of one resonant cell and
3D model of whole resonator (Fig. 6) were designed and
studied. The resonator consists of nine resonant cells,
seven of them are identical and two are the end cells
with modified coupling windows.

Fig. 6. RFQ resonator model

The simulations were directed to match the cells to
the operating frequency and to minimize the deviation
of RF field amplitude. Both problems were solved and
the amplitude deviation is not higher than +0.25%
(Fig. 7). The tolerances of the electrodes manufacturing
must be less than £25 um (+0.39% of averaged aperture
radius) whereas and the constructional errors are two
times lower of them.
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Fig. 7. Inter-electrode voltage distribution along resonator
Unfortunately, the simulation can not guarantee that
the resonator will have exact value of operating frequen-
cy. That is why the resonator has been simulated for a
little bit higher resonant frequency (146.6 MHz) in order
to find operating frequency by means of enlargement of
the windows size. The resonator has been simulated for a
little bit higher resonant frequency (146.6 MHz). After
first assembling of resonator for electrodes adjusting the
frequency measurements will be carried out. According
to the measured result the final electrodes windows di-
mensions will be defined to provide the resonance fre-
quency from region 149.9<f<145.1 MHz. The resonator
parameters after optimization are presented in Table 3.

Table 3
RFQ resonator parameters

Length of electrodes, mm 2070
Total length of resonator, mm 2190
Diameter of resonator, mm 400
Transverse size of coupling window, mm 62
Longitudinal size of coupling window, mm 288
Resonant frequency before tuning, MHz 146.6
Operating frequency, MHz 145.2
Dipole mode frequency, MHz 156.4
Voltage at electrodes, kV 125
Q-factor 9300
RF loses, kW 200
RF field amplitude deviation, % <05
Transverse component of RF field devia- <1018
tion, %
Maximal electric field on surface, MV/m 24

i

Fig. 8. Model of RFQ resonator with plungers
and RF couplers
The fine operating frequency tuning can be done us-
ing two plungers (tuners) which are constructively
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placed in the middle of resonator (Fig. 8). The frequen-
cy sensitivity to the plunger motion is about 7 kHz/mm.
Hence, 50mm-movement of the plungers will allow to
tune the frequency in 300 kHz range.

5. RFQ RESONATOR DESIGN
AND MANUFACTURING

The RFQ resonator engineering design was done and
the drawings were designed as well (see 3D general
view in Fig. 9). For the moment the resonator manufac-
turing is started at All-Russian Research Institute of
Technical Physics (Snezhinsk) and expected to be fin-
ished by the end of 2013.

Iéig. 9. 3D general view RFQ resonator

6. RF POWER SYSTEM

The design the RF power system is discussed more
detailed in [12].

The LU-20 resonator is operating in self-excitation
mode. This regime demands higher tolerances of RF
field stability for LU-20 and RFQ resonators and to
higher quality of automatic phase control system.

RFQ resonator RF power system consists of two
amplifier channels for RFQ resonator and for buncher.
High power systems include of low power master gen-
erator based on solid state preamplifier, first preamplifi-
er based on four GI-39B tubes and high power final
amplifying stage based on GI-27AM triode.

Buncher RF power system consists of solid state
preamplifier and two stages based on GI-39B tubes be-
cause of low power necessary.

The control system should provide the RF field
phase shift between DTL and RFQ resonators better
than that one degree.

The amplifying stage based on GI-39B tube was
tested to define maximal output power at operating fre-
quency. The maximum power is equal to 30...35 kW
with 150 ps RF pulse length. It is necessary to fed about
50 kW to excite the GI-27. Four pre-amplifying cas-
cades based on GI-39 were manufactured and the com-
biner was designed.

The measured output pulse power P,, consumed power
P, and efficiency n versus anode potential U, are shown in
Fig. 10. Maximal amplification coefficient is equal to 8.5
and peak measured power is limited by 400 kW.

The high power pulse modulator was manufactured
to form anode potentials.

Power system is manufactured, tested and is ready to
routine operation. The photo of RF power system is
shown in Fig. 11.
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Fig. 11. Photo of RF power system

CONCLUSIONS

The reconstruction of light ion and polarized protons
and deuterons beam injection system for Nuclotron-
NICA accelerator complex is in progress. It is expected
that high-voltage 700 kV platform, which is now used to
feed the accelerating tube of Alvarez type linac pre-
injector will replaced by RFQ section. The section
should to bunch and to accelerate beams of ions with
charge-to-mass ratio Z/A>0.3. This project is realized in
cooperation 0 JINR, MEPhI and ITEP and was started
in 2011.

The beam dynamics in RFQ and in matching system
between of new RFQ and LU-20 was studied in detail.
It was shown that up to 90% for Z/A=0.3 and 87% for
Z/A=0.5 of ions are effectively transported to the first
LU-20 drift tube and 79% for Z/A=0.3 and 71% for
Z/A=0.5 are recaptured by LU-20. Using of matching
resonator before RFQ and integrated debuncher into
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PEKOHCTPYKIUA CUCTEMbI UHXKXEKIHWU ITYUKA JIET'KUX U TIOJIAPU30BAHHBIX HOHOB
YCKOPUTEJBHOT'O KOMIIVIEKCA «<HYKJIOTPOH-NICA»

B.A. Auopees, A.U. banaoun, A.B. Bymenko, B.C. /[io6ko8, A.U. I'oéopos, b.B. I'onogenckuit, B.B. Kobeu,
A.A. Konomuey, B.A. Kowenes, A./]. Kosanenxo, A.B. Ko3nos, I.H. Kponaues, P.I1. Kyitoeoa, T.B. Kyneagoii,
B.I'. Ky3muues, K.A. /lesmepos, /I.A. /lakun, B.A. Monuunckuii, A.C. Ilnacmyn, C.M. Ilono3os,

A.B. Camowun, /1.H. Cenesnes, B.B. Cenesnes, A.O. Cuoopun, 10.b. Cmacesuu, I.B. Tpyonuxos

B Hacrosiee Bpemsi B OMSIN pa3pabaTeiBaeTcs U peanusyercst MpoeKT kosuiaiinepa Tsokenbix noHoB NICA, a
TaKKe MPOBOAUTCS HeoOXxoaumasi pekoHCcTpykiwms « Hyknorpona». B wactaoctu, corpynnukamu OSSN, MUDU u
NTO® npoBoanTCs peKOHCTPYKIUS CUCTEMBI HHXEKIIMH HOHHOTO Iy4Ka. B HacTosmee BpeMs crucTeMa HHKEKITHH
BKJIIOYAET B ce0s HECKOJIBKO MCTOYHMKOB NMPOTOHOB M MOHOB, UMITYIbCHBIH JIEKTPOCTATHYECKHH HWHXKEKTOp Ha
650 kB u yckoputens AnbBapena JIY-20. DTa cucrema Mo3BOISIET UHKEKTUPOBATh B «HYKIOTPOH» MydYKH MPOTO-
HOB ¢ 3Heprueii 20 MaB u Tsokenbix noHOB ¢ sHeprued 5 MaB/ayki. Ilpu atom yckopenue nonos B JIV-20 mpowns-
BOJIUTCS] HA BTOPOM KpaTHOCTH. B pe3ynbTaTe peKOHCTPYKIMH BICOKOBOJIBTHBIN MHKEKTOP JTOKEH ObITh 3aMEHEH
YCKOPUTENIEM-TPYIIUPOBATENIEM C IPOCTPAHCTBEHHO-OHOPOAHON KBajpymnonbHol ¢okycupoBkoit (ITOK®D). Pac-
CMOTpEH X0J paboT MO CO3AAHUIO ITOr0 HOBOTO ycKopuTens. [IpencraBieHsl pe3yabTaTbl MOACIUPOBAHUS JUHAMU-
ku myuka B pezoHatope ¢ [IOK® u kanane cormacoBanus ¢ JIY-20, pe3ynpTaThl MOAETHPOBAHUS AIIEKTPOIUHAMU-
YECKUX XapPaKTEPUCTUK YCKOPSIOIIEro PE30HATOpA U €ro KOHCTPYHPOBAHUS, PE3YNIbTAaThl pa3padOTKU CUCTEMBI BbI-
COKOYAaCTOTHOTO IUTaHUA. B Hacrosiiee BpeMsl cucTeMa INMUTAaHWA coOpaHa M HAcTpPOEHa Ha HKBHBAJIECHTHYIO
Harpy3Ky, a pezoHatop ¢ [IIOK® nepenan B mpou3BOICTBO.

PEKOHCTPYKIIISA CACTEMU THXKEKIII MYYKA JETKUX I HOJIAPU30BAHUX IOHIB
MNPUCKOPIOBAJIBHOI'O KOMIIVIEKCY «HYKJIOTPOH-NICA»

B.A. Anopees, A.1. Banaoin, A.B. Bymenko, B.C. /[106ko06, A.1. I'o6opos, b.B. I'onosencovkuii, B.B. Kooeyp,
A.A. Konomieys, B.A. Kowenes, A./l. Kosanenxo, A.B. Ko3noe, I.H. Kponauos, P.Il. Kyii6eoa, T.B. Kynesuii,
B.I'. Ky3miuos, K.A. J/Ieemepos, /I.A. JIakin, B.A. Monuuncokuii, A.C. Ilnacmyn, C.M. Ilono3os,

A.B. Camowun, /1.H. Cene3nvos, B.B. Cenesnvos, A.O. Cioopin, FO.b. Cmacesuu, I'.B. Tpyonukoe

B nanmit wac B OIS/l po3poOisieTsest 1 pearnizyeThes MpoeKT Koimtaiaepa BaKkux ioHiB NICA, a Takox MpoBo-
TUTHCS. HeoOXiaHa pekoHCTpyKist « Hykmorponay. 3okpema, criBpobitaukamu OLAJ], MI®I ta ITED npoBoanuThCst
PEKOHCTPYKINiSl CHCTEMH 1HKEKIIi1 10HHOro Imyuka. B manmii wac cucrema iHXKeKIii BKITIOYae B cebe KimbKa JpKepen
TIPOTOHIB 1 10HIB, IMITYThCHUH €NTEKTPOCTATHYHUH iHKekTop Ha 650 kB i1 mpuckoproBad AnbBapena JIY-20. s cuc-
TeMa J03BOJs€ imkekTryBatd B «HykmoTrpon» myuku mpoToHiB 3 eHepriero 20 MeB i Baxkux i0HIB 3 €HEpriero
5 MeB/nyxkn. IIpu nupomy npuckopeHHs ioHIB y JIY-20 BUpoOnsSeTbCs Ha IPYTHid KPATHOCTI. Y pe3yabTaTi PEKOHCT-
PYKIIT BHCOKOBOJBTHHH 1H)KEKTOpP IMOBHHEH OyTH 3aMiHEHHH NPHCKOPIOBAYEM-TPYIIIpOBaTEeIeM 3 MPOCTOPOBO-
onHOpiAHNM KBaapynoasHIM (okycyBaHHIM (ITOK®). PosrastHyTo Xix pobiT 31 CTBOPEHHS LHOTO HOBOT'O MPHCKO-
proBaua. IlpencraBieHo pe3yabTaTH MOJIEIIOBAHHS JUHAMIKH ITydka B pezoHaropi 3 [IOK® i kaHami y3romkeHHs 3
JIY-20, pe3ynpTaTi MOAETIOBAHHS €JIEKTPOIMHAMIYHNX XapaKTEPUCTUK MPUCKOPIOIOYOT0 pe30oHaTopa i HOro KOHC-
TPYIOBAaHHSI, pE3yNbTaTH PO3POOKN CHCTEMH BHCOKOYACTOTHOTO JKMBJIECHHS. B maHumii yac cuctema xapuyBaHHS 310-
paHa i HaTaITOBaHA HA eKBiBaJICHTHE HABAaHTAXEHHS , a pe3oHaTop 3 [IOK® nepenanuii y BHUpoOHHUIITBO.
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