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Introduction
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The possibility of LU-20 replacement by the new
superconducting (SC) linac of 30 MeV energy for protons and
>7.5 MeV/nucleon for deuterium beam is discussed today




New RFQ for LU-20
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[lpu3HaBas aKTYanbHOCTh M HEOOXOAMMOCTh AKTHBH3ALMHM YCWIMH 10
Hay4yHO-MCC/Ie/IOBATEIbCKHM M ONBITHO-KOHCTPYKTOPCKHMM pafoTaM, a Takxke
HCTIBITAHHAM H SKCILUTYaTalliil CBEPXNMPOBOSIIMX YCKOPSIOIIHX Pe30HATOPOB JUls
dyHaaMeHTANBHON ~ sflepHOH  (M3MKH M MHHOBALMOHHBIX  HMCCJIEJOBaHMIA,
Tpe/ICTABUTE N
- MexayHaponHOH MEXIPaBUTE/IbCTBEHHOH HCCIe0BaTEIbCKOW OpraHu3aliu
OOBeIMHEHHBII HHCTHTYT S/I€PHBIX uccnenoBauuii (nanee — OUSHN),

- HaimoHaneHOTo HeCie10BaTeNbeKoro saepHoro ynusepeurera « MUOW» (naee
- HUAY MUDH),

- HaumonansHoro mcciejoparenbckoro uentpa «KypuyaToBckuii HHCTHTYT»
De/iepalbHOTO TOCYaPCTBEHHOro 6I0/KeTHOro yupexaeHns «I ocynapcTBeHHBIN
Hayunbiii neHtp Poccuiickoit ®enepauun», Huctutyta Teopernueckoit u
DkcnepumenTansio  Pusukn PI'BY» (OI'BY '"THL[ P® MTO®" HMUIL
«KypyaToBCKuii HHCTHTYT», fanee — UTD®),

- HUU sizepHbix npobiem Beropycckoro rocy1apcTBEHHOTO yHHBEPCHTETa (J1anee
HUU AT BIY),

- (Du3MKO-TEXHUYECKOro MHCTHTyTa HanmonansHol akagemunm Hayk Bemapycu
(mnanee ®TU HAH benapycu),

- benopycckoro  rocyiapcTBEHHOro
panuodsiekTponnky (sanee — BI'YUP),

- TocymapcTBeHHOr0 Hay4YHO-TIPOH3BOACTBEHHOTO oObeauHeHus «Hayuno-
npaktudeckuit uenTp HaumowansHolf akajgemun Hayk Bemapycn mo
martepuanoseennio» (nanee — HITLI HAH Benapycu no MatepuanoBeieHHIO)
COCTaBHIIH M coriacoBanu Aanusli [TpoTokon o HamepeHusx:

1. Tlpu3HaBas MCKIIOYHTENbHYIO aKTyanbHOCTh BbinonHenus HUOKP B
obnacTH  pa3paGOTKHM, TpPOM3BOACTBA, TECTHPOBAHMA W  DKCIUTyaTallHH
CBEpPXMNPOBOASAILMX YCKOPSIOIMX PE30HATOPOB s (yHIaMEHTaIbHON s/IepHOi
(HU3MKH ¥ MHHOBALHOHHBIX HccaeoBanHii, CTOPOHBI NPU3HAIOT HEOOXOAHMOCTH
obbeMHeHns YCHIMH JUIA CO3JaHHs MHOTOCTOPOHHeH Koyutabopanuu ¢ Lensio
PasBUTHS TEXHONOIUH JUIs CBEPXTPOBOAIIMX YCKOPHTEJICH.

2. KonnaGopanus cosaaercs Ha 6ase ¥ ¢ HCIOTB30BAaHHEM HHTEIPALMOHHBIX
BosmoxkHocTelt OWSIM, Gepymero Ha cebst posib KOOpAMHATOpPA IPOEKTA H
TUIONIAJKH JUIS pealH3al[HH MPOEeKTa.

yHUBepcHTeTa  MH)OPDMATHKH M

AT 4~ 0. - 0 . .

- paspaborka Texuuueckoro 3ajanus Ha OKP 1o M3roTOBJEHHIO ONBITHBIX
obpasios koakcuanbHbix H CH-pesonaTopos;
- pacuerhl  HeOOXONMMBIX  BEJIMYMH  MexaHudeckoil  obpaboTku
KOAKCHAJILHBIX Pe30HATOPOB /U1l [TO/ITOHKH PE30HAHCHOI YaCTOThI;
8.7. TocynapcTBeHHOE HayYHO-TIPOM3BOACTBeHHOE obbenuHenne «HayqHo-
npaktudeckuit  uentp HaumonansHoM akajemun Hayk bBenapych  no
MaTepHaIOBeICHHION:
- DCKU3HBIH MPOEKT TECTOBOrO KPHOCTATA MOTPYIKHOTO THITA;
- Paspa6orka Texuuueckoro 3ananus Ha OKP no U3roToBJIEHHIO ONBITHOrO
ofpas3iia TeCTOBOrO KPHOCTATA MTOIPYKHOTO THIIA;
IInan janbHeHIIMX HAay4YHO-MCCIE/I0BATENbCKHX M ONBITHO-KOHCTPYKTOPCKUX
paboT 10/DKeH GBITH COrIacoBaH 10 OKOHYAHWM IIEPBOH CTA/IUH IIPOEKTA.

Ipunoxenns:
1. TlosicHuTeNIbHAS 3AITHCKA K MPOEKTY (Ha PyCCKOM S3bIKE);

2. TlosicHuTe IbHAS 3AITHCKA K MPOEKTY (Ha aHIJTHHCKOM S3BIKe);
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RFQ 162 B=0.12c,
MHz f=162 MHz
v ¥
2.5 MeV 4.9 MeV 13.5 MeV 31 MeV 50 MeV

General layout of new injector for Nuclotron — NICA

(current version)

Starting 2014 three SC linac designs were proposed, simulated and discussed.
The normal conducting 2.5 MeV RFQ and five or four SC cavities groups
respectively were in the first and the second linac designs. After a number of
meetings the linac general layout was modified. The injection energy for SC part
of linac is increased to 5 MeV (as LU-20 yields at present). The normal
conducting part will now consist not only of 2.5 MeV/nucleon RFQ linac for the
acceleration of beams with charge-to- mass ratio Z/A>1/2 but a number of

identical normal conducting cavities also for the beam acceleration from 2.5 to
5 MeV.




Beam dynamics, Version #4 (April 2017)

The number of cavities in the 1st and the 2nd groups should be increased due to lower
accelerating gradient E£_.. (<6 MV/m instead of 7.5 MV/m).

The beam dynamics of deuterium ions was studied also.
The slipping factor will be not higher than 24 % for proton and deuterium beams.

Number of cavities in the 1st group should be enlarged from 5 to 8, length of the 1st
group will 1.9 longer than for Variant #3.
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Simulations were done by means of BEAMDULAC-SCL code,
Coulomb field and beam loading self-consistently, versions for all main types of RF linacs




Cav. group
Proton beam Deuterium beam

B, 0.12 0.21 0.12 0.21
F, MHz 162 324 162 324
T, % 24.0 24.0 24.0 24.0
Ny 2 2x2™ 2 2x2™
L.,,m 0.222 0.39 0.222 0.39
L,,m 0.2 0.2 0.2 0.2
L,,m 0.1 0.1 0.1 0.1
L, m 0.622 0.79 0.622 0.79
Ny, 3 8 8 3 8 8
L, m 1.87 4.98 6.32 1.87 4.98 6.32
E, .,MV/m 4.50 5.86 6.4 4.50 5.86 6.4
U.,.MV 1.0 1.3 1.25 1.0 1.3 1.25
D, deg =20 =20 =20 =20 =20 -90
B ,T 1.35 1.3 1.9 1.8 2.0 1.0
w.., MeV 2.5 4.9 13.47 2.5 3.65 8.3
B, 0.073 0.102 0.168 0.073 0.088 0.133
W, ., MeV 4.9 13.47 31.0 3.65 8.3 8.3
Bou 0.102 0.168 0.251 0.088 0.133 0.133
K, % 100 100 100 100 100 100
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| 15 group SC cavities design

Parameter Value
Frequency, MHz 162
Geometrical velocity, 3, 0.12
Maximal RF field on the axe, £ .., MV/m 6.0
Ratio of the peak electric surface field to the
accelerating field, £ /E 6.4
Ratio of the peak surface magnetic field to the
accelerating field, Bp/Eacc, mT/(MV/m) 114
Effective shunt impedance, r/Q,, Ohm 488
Geometric factor, G=R /O, Ohm 37
Transit time factor, 77F, 0.88




The simplest design with
cylindrical central conductor
was chosen.

ED, thermal and mechanical
design was done.

The sat-file was prepared
and sent to PTI NANB for
copper model design and

construction.
F=162 MHz LI
B,=0.12
E,.=6.0 MV/m c
E/E =64 Lps Lok
B /E,.~11.4 mT/(MB/m), L
R,/Q,=488.0 Ohm, L I—
G=R,,0,=37.0 Ohm, A
7=88.0 %. "
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Mechanical deformation studies:

the Nb plate should be not thin than 2.5 mm




Multipactor studies:

not observed for operating
RF field amplitudes
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Eacc, MV/m

3D model for copper prototype
manufacturing (RF and
measurement loops are not visible)
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25t group HWR design

Ri

431.44 6

8,4

8,2

78
7,6
74

7,2

0,29

Bp_/ E acc VS _R,i/ R,

0,31 0,33 0,35 0,37 0,39

g=32mm g=43mm
(field inside the drift fube) (no field inside the dnff tube)

4.1872
7.6642
323.99
255.91

47.76

4.1425
7.7862
323.99
242.87

48.11



aper@

H ith conical central conductor

HWR type

Cylind- Conical
rical

Operating frequency, f, MHz
Geometrical velocity, B,
Cavity height, mm

Cavity radius, mm

Ratio of the peak electric surface field
to the accelerating field, £ /E, .

Ratio of the peak surface magnetic
field to the accelerating field, Bp/Eacc,
mT/(MV/m)

Effective shunt impedance, /Q,, Ohm
Geometric factor, G=R /Q, Ohm

324

0.21
431 448
97 97
3.9 3.3
73 5.6
252 303
57 58




Mechanical simulations and tuning
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Wall thick., mm

df, kHz/Bar
Freq. detuning
on 4.2 K, kHz
Lorenz

detuning,
Hz/(MV/m)?

df, kHz/Bar

df, kHz/Bar
Freq. detuning
on 4.2 K, kHz
Lorenz

detuning,
Hz/(MV/m)?

Etching sensit.,
kHz/0.1mm

4

-0.24
124

-10.7

5.12

3.85
467

-16.9

Cylindrical Conical
3 2 4 3 2
Top and bottom planes are fixes
-0.41  -0.82 -0.35 -0.57 -1.26
157 203 152 176 184
-15.8 -26.9 -18.5 -29.5 -57.4
Drift tube is fixed
10.57 30.39 4.99 9.68 24.81
Central plane is fixed
8.19 25.06 1.13 3.63 11.45
453 437 478 458 411
279  -5.99 -2.24 473  -93.6
-74.7 -38.8



RF coupler and RF antennae design for QWR

¥

A 4 AAARAAFAAA /ﬂ Q\ _ﬂ { Y

£ VWP f ) 1 L
y 3

4K 70K 300K

% x10°

25 -24 23 -22 -2t -20 -19 -18

AL, mm

Coupling factor vs. antenna
tip retraction length




Test cryostat for QWR and HWR
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Conclusions:

-Beam dynamics was corrected taking into account new limitations of
RF field and new 1deas in linac general layout;

-QWR prototype 1s designed and 1t 1s under preparation for
manufacturing of copper models today;

-RF coupler and tuner are designed in general, but corrections and
construction 1des will future discussed;

-SRF technology 1d under progress;

-HWR for 2™ group is under design now;



Thank You for attention !




