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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  

Introduction 



New RFQ for LU-20 
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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.  



The number of cavities in the 1st and the 2nd groups should be increased due to lower 
accelerating gradient Eacc (≤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. 

Beam dynamics, Version #4 (April  2017) 

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 0 * 1 2 0 * 1 2 

Proton beam Deuterium beam 

βg 0.12 0.21 0.12 0.21 

F, MHz 162 324 162 324 

T, % 24.0 24.0 24.0 24.0 

Ngap 2 2х2** 2 2х2** 

Lres, m 0.222 0.39 0.222 0.39 

Lsol, m 0.2 0.2 0.2 0.2 

Lgap, m 0.1 0.1 0.1 0.1 

Lper, m 0.622 0.79 0.622 0.79 

Nper 3 8 8 3 8 8 

L, m 1.87 4.98 6.32 1.87 4.98 6.32 

Eacc, MV/m 4.50 5.86 6.4 4.50 5.86 6.4 

Ures, MV 1.0 1.3 1.25 1.0 1.3 1.25 

Φ, deg –20 –20 –20 –20 –20 -90 

Bsol, T 1.35 1.3 1.9 1.8 2.0 1.0 

Win, MeV 2.5 4.9 13.47 2.5 3.65 8.3 

βin 0.073 0.102 0.168 0.073 0.088 0.133 

Wout, MeV 4.9 13.47 31.0 3.65 8.3 8.3 

βout 0.102 0.168 0.251 0.088 0.133 0.133 

KT, %  100 100 100 100 100 100 



               Proton beam    Deuterium beam 



Parameter Value 

Frequency, MHz 162 

Geometrical velocity, βg 0.12 

Maximal RF field on the axe, Eacc max, MV/m  6.0 
Ratio of the peak electric surface field to the 

accelerating field,  Ep/Eacc 6.4 
Ratio of the peak surface magnetic field to the 

accelerating field, Bp/Eacc, mT/(MV/m) 11.4 
Effective shunt impedance, r/Q0, Ohm 488 
Geometric factor, G=Rs/Q, Ohm 37 

Transit time factor, ТТF0 0.88 

1st group SC cavities design 



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  
βG=0.12  
Eacc=6.0 MV/m  
Ep/Eacc=6.4  
Bp/Eacc=11.4 mT/(MB/m),  
Rsh/Q0=488.0 Ohm,  
G= Rsh∙Q0=37.0 Ohm, 
Т=88.0 %.  



Mechanical deformation studies: 

the Nb plate should be not thin than 2.5 mm 



Multipactor studies:  
not observed for operating  
RF field amplitudes 

3D model for copper prototype 
manufacturing (RF and 

measurement loops are not visible) 



Bp/Eacc vs. Ri/R0 H 431.44 
d 97 
g 43 
Aperture 15 
Rin 25 
Rout 80 
V 40 
s 11 

2st group HWR design 



HWR with conical central conductor 
HWR type Cylind-

rical 
Conical 

Operating frequency, f, MHz 324 
Geometrical velocity, βg 0.21 
Cavity height, mm 431 448 
Cavity radius, mm 97 97 
Ratio of the peak electric surface field 
to the accelerating field, Ep/Eacc 3.9 3.3 
Ratio of the peak surface magnetic 
field to the accelerating field, Bp/Eacc, 
mT/(MV/m) 7.3 5.6 
Effective shunt impedance, r/Q0, Ohm 252 303 
Geometric factor, G=Rs/Q, Ohm 57 58 



Mechanical simulations and tuning 

H 431.44 
d 97 
g 43 
aperture 15 
Rin 25 
Rout 80 
V 40 
s 11 

H 448 
d 97 
g 43 
ra 15 
Rout 97 
RconeCentr 16 
RconeBot 40 
l 194 
RblGapln 4 
RblGapOut 10 
Rcentr 40 

Cylindrical Conical 
Wall thick., mm 4 3 2 4 3 2 

Top and bottom planes are fixes 
df, kHz/Bar -0.24 -0.41 -0.82 -0.35 -0.57 -1.26 
Freq. detuning 
on 4.2 K, kHz 

124 157 203 152 176 184 

Lorenz 
detuning, 
Hz/(MV/m)2  

-10.7 -15.8 -26.9 -18.5 -29.5 -57.4 

Drift tube is fixed 
df, kHz/Bar 
 

5.12 10.57 30.39 4.99 9.68 24.81 

  Central plane is fixed 
df, kHz/Bar   3.85 8.19 25.06 1.13 3.63 11.45 
Freq. detuning 
on 4.2 K, kHz 

467 453 437 478 458 411 

Lorenz 
detuning, 
Hz/(MV/m)2  

-16.9 -27.9 -5.99 -2.24 -47.3 -93.6 

Etching sensit., 
kHz/0.1mm 

-74.7 
 

-38.8 
 



RF coupler and RF antennae  design for QWR  

Coupling factor vs. antenna 
tip retraction length  



Test cryostat for QWR and HWR 



Conclusions: 
-Beam dynamics was corrected taking into account new limitations of 
RF field and new ideas in linac general layout; 

-QWR prototype is designed and it is under preparation for 
manufacturing of copper models today; 

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

-SRF technology id under progress; 

-HWR for 2nd group is under design now; 



Thank You for attention ! 


