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Abstract 
Long 11-cell, β=0.81 L-band structure is considered as an 
initial stage of the high-energy part of the Project-X in 
order to accommodate to a standard Type-4 cryomodule. 
The cavity shape is optimized for maximal energy gain 
providing the same time field flatness along the structure 
not worse than for ILC β=1 cavity, and the same ratio of 
surface magnetic field to electric field. The results of 
spectrum analysis for monopole and dipole HOMs is 
presented as well. 

INTRODUCTION 
The main part of the 2 MW proton source, Project – X 

[1], that is under development at FNAL, is the 8-GeV H- 
linac.  In the linac basic design [2] the high –energy part 
of the accelerator consists of three sections: so-called S-
ILC for the acceleration from 400 MeV to 1.2 GeV, the 
ILC1 part for acceleration from 1.2 GeV to 2.4 GeV, and 
ILC2 part for acceleration up to 8 GeV. The parameters 
and the cryomodule schemes are shown in Fig. 1. In S-
ILC part 7 cryomodules are used that contain eight 8-cell, 
β=0.83 squeezed SC cavities at 1.3 GHz, and two 
focusing lenses (see Fig. 1).   

 

Sections S-ILC ILC1 ILC2 
β 0.83 1 1 
# of cavities 56 63 224 
# of cryomodules 7 9 28 
Epeak, MV/m 52 52 52 
Focusing FR2DR2 FR3DR4 FR8DR8 

 

 
Figure 1: Basic design parameters [2] of the high-energy 

part of the linac (above), focusing scheme for the sections 
(below). F - focusing lens, R - cavity, D – defocusing lens.  

Different types of squeezed elliptical SC cavitiess were 
considered for these purpose, see review [3] at present 
Conference. However, 7- or 8-cell cavities require 
development of a special cryostat that is time-consuming 
and expensive. In this paper the idea is presented to use a 
standard Type-4 ILC cryomodule for S-ILC part with 
squeezed β=0.81 cavities. The cavity has 11 cells and the 
same length as for 9-cell, β=1 ILC cavity that allows use a 
cryomodule length more effectively. The required rf 
power is about the same, and the same couplers may be 
used as for β = 1 cavities. In addition, exactly the same 

auxiliary components (vacuum vessel, tuner, tooling, etc) 
may be used. Note, that this scheme allows the same type 
of cryomodule in all three sections of the high-energy part 
of the linac. Below the variants for cryomodules and 
focusing system are discussed as well as details of the 11-
cell cavity design.  

GENERAL 
Thee are the following proposed changes compared to 

the basic design [2]: (i) in S-ILC section the magnet 
configuration change from FR2DR2 to ILC-like 
R4FDR4FD with a doublet instead of a quad (see Fig. 2); 
(ii) long cavities (11-cell) instead of short (8-cell); (iii) 
Maximal surface electric field change from 52 to 50 
MV/m, (iv) S-ILC section is based on the same Type-4 
cryomodule. To keep the same focusing properties in S-
ILC section, an additional doublet in the separate cryostat 
is used (needs to be designed); (v) in ILC1 and ILC-2 
sections Type-3 cryomodule with two quads inside is 
replaced by Type-4 cryomodule with one quad in the 
middle, it is ILC compatible solution; (vi) to save the 
same focusing in ILC1 section, an additional quad in 
separate cryostat is added similar to one in S-ILC section.  

 
Figure 2: The cryomodule scheme: (a) - basic design that 
contains four lenses and eight 8-cell cavities; (b) proposed 
Type-4 ILC cryomodule containing eight 11-cell cavities 
and doublet, and additional doublet in a separate cryostat; 
c) schematic of the doublet. 

The gradient in the S-ILC section is relaxed to 19 
MeV/m (that corresponds to the peak surface field of 46 
MV/m) instead of 23.7 MeV/m in the basic variant in 
order to make transition to β=1 at the end of a 
cryomodule. The beam dynamics was optimized for this 
scheme using Trace3D code [4]. Note, that six 
cryomodules with 11-cell cavities may be used with the 
surface electric field of 53.6 MV/m.  The calculated beam 
envelopes in S-ILC section and matching of the S-ILC 
section to ILC1 section are shown in Figure 3.  

Parameters of the sections are shown in the Table I.
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Figure 3: The beam envelope in S-ILC section (a) and S-ILC matching to the ILC1 (b). Blue – horizontal, red – vertical, 
green – longitudinal r.m.s. size in deg. Stars show the elements used for matching. 

 
Table 1: Parameters of the sections. 

Sections S-ILC ILC1 ILC2 
β 0.81 1 1 
# of cavities 56 64 232 
# of cryomodules 7 8 29 
# of cells 11 9 9 
Gradient, MeV/m 19 25 25 
Focusing FDR4 FR4DR4 FR8DR8 

 

Another, much more attractive approach is to use 
modified Type-4 ILC cryomodule that has ports for lens 
leads in the positions of 2d, 5th and 8th cavities. The 
scheme of the focusing in this case is shown in Figure 4. 
Note, that this approach doesn’t demand a separate 
cryostat for a doublet. 

 
Figure 4: Modified Type-4 ILC cryomodule schematics.  
The cryomodule in S-ILC section contains three quads in 
the positions of 2d, 5th, and 8th cavities, and six 11-cell 
cavities. ILC1 has the two different quad location: in 5th 
position, and in 2d and 8th positions. 

The cavity optimization was made taking into 
account that for the higher number of the cells in the 
cavity the coupling is to be higher as well in order to 
preserve the field flatness along the cavity. For fixed 
flatness the coupling kc is roughly proportional to the 
~N3/2 [5], N is the number of cells in the cavity. For ILC 
cavity N=9 kc=1.87%; thus, for N=11 kc=2.47%. It was 
suggested also that (i) maximal surface magnetic field is 
fixed to be the same as for ILC cavity; (ii) the maximal 

surface electric field does not exceed one for ILC cavity; 
(iii) the geometrical dimensions are determined to 
maximize the acceleration gradient. Parameters of the 
regular cell optimized by SLANS code [6] are shown in 
Figure 5, the end caps were optimized to provide the filed 
flatness. Lorentz detuning factor was calculated for mid 
cell using ANSYS, see Figure 6. The optimal stiffening 
ring radius is 45 mm. Note the longer cavity has pay-off: 
the surface fields are to be the same as for ILC cavity, 
thus, the acceleration gradient for a longer structure is 
smaller; longer cavities can be used in more narrow 
energy range and the risk of occurrence of trapped modes 
is greater in longer structure. However, 11-cell cavity is 
still more effective than the shorter cavities being used in 
Type-4 ILC cryomodule, see Figure 7, where energy gain 
per cavity is shown as a function of β for the β=0.81 
cavities containing different number of cells. For 
comparison, the same dependence is shown for ILC β=1 
cavity, and triple-spoke cavity (TSR) that will be used at 
the end of the low-energy part of the linac [2]. 

 
Figure 5: Parameters and dimensions (in mm) of the 
optimized regular cell.  Lorentz factor KL is given for 
optimal stiffening ring.  

In the Table 2 the monopole HOM spectrum is shown. 
The modes 13-15 of the 3d branch have the highest r/Q. 
The resonance frequencies are about 2848 MHz, that is far 



of the nearest beam current harmonic of 325 MHz, 2925 
MHz. However, chopping 33% at 53 MHz [1] will 
produce a first side spectrum line at 2872 MHz that is still 
far of the resonance taking into account spread of 
frequencies of ~6 MHz [7]. Chopping 6% at 89 kHz [1] 
produces much smaller spectrum line. Dipole mode 
spectrum is shown in Table 3. 

Table 2: Monopole mode spectrum. 

 
Table 3: Dipole mode spectrum. 

 
The modes 6-8 of the 1st  branch have the highest r�/Q. 

The resonance frequencies are about 1763-1765 MHz that 
is far of the nearest beam current harmonic of 325 MHz, 
1625 MHz. However, chopping 33% at 53 MHz will 

produce a third side spectrum line at 1784 MHz that is 
still far of the resonance. 

 
a) No stiffening ring, KL=0.68 Hz/(MeV/m)2 

 
b) With the ring, KL=0.43 Hz/(MeV/m)2 

Figure 6: Mid cell deformations caused by the Lorentz 
force. Wall thickness is 3 mm.  

 

Figure 7: The energy gain per cavity versus β for the 
β=0.81 cavities with different number of cells. The 
surface peak electric field is 50 MV/m. 

REFERENCES 
[1] S. Nagaitsev,” HINS Workshop, March  13, 2009, see 

http://beamdocs.fnal.gov/DocDB/0033/003343/001/H
INS%20Workshop%20Mar13%202009.ppt#256,1,Int
roduction Fermilab’s Project X. 

[2] P. Ostroumov, “Linac Beam Physics Design and 
Special Requirements of H- vs e,” Project X 
Accelerator Workshop, November 12, 2007. 

[3] J.-P. Carneiro, et al, “Multi-Cell Reduced-Beta 
Elliptical Cavities for a Proton Linac,” Present 
Conference.  

[4] Trace 3D documentation, http://laacg1.lanl.gov/laacg/ 
services/traceman.pdf 

[5] N. Solyak, et al, PAC2007, p.2538. 
[6] D. Myakishev, V. Shemelin, Cornell Preprint SRF/D 

051007-02. 
[7] J. Sekutowicz, “HOM Damping,” ILC workshop, 

KEK, 2004. 

http://laacg1.lanl.gov/laacg/

	LOW-BETA STRUCTURE FOR HIGH ENERGY PART OF PROJECT X*
	INTRODUCTION
	GENERAL
	REFERENCES




