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Executive Summary 
 

 

This report contains all the pertinent design and fabrication procedures for the fabrication of this 

1.3 GHz 9-cell cavity.  All cavity components were manufactured by Niowave with the use of 

Sciaky EBW chambers at both Sciaky, Inc. and C.F. Roark Welding & Engineering Co.  Both 

the DESY Cavity Spec and FNAL Cavity Specs (Appendix A) were utilized in the fabrication of 

this 9-cell cavity.  The RF and mechanical measurements, as well as all material certifications 

are also included in this report. 
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1.  Design 

 

a. RF Design 
 

i. ILC 1.3 GHz 9-cell Cavity 
 

As described in the relevant literature [1], the TESLA-style cavities chosen for 

the International Linear Collider are 9-cell structures operating in a standing-

wave mode.  Relevant parameters for the design and performance of these 

cavities are presented in Table 1.  The Physical Review Special Topics – 

Accelerators and Beams article describing the design of the ILC 1.3 GHz 9-cell 

is attached in appendix a, section c.  The structures are built from bulk niobium 

and intended to be cooled to 2 K with superfluid helium, as required to reach 

the cavity Q levels shown in the table. 

 

The choice of the cavity frequency considers the dominance of residual 

resistance and cavity size at lower frequencies (below 300 MHz or so, where 

the effective resistance increases as 1/f) and the higher BCS resistance, which 

increases the effective surface resistance according to f 
2
 at high frequencies.  

Because high-power RF sources (klystrons) are available at 1.3 GHz, this 

frequency was eventually chosen. 

 

The geometry of the cells was carefully designed with a number of parameters 

in mind, including multipacting trajectories, cell-to-cell coupling, wakefields, 

and peak electric and magnetic fields on the niobium surface relative to the 

accelerating field.  Because of the importance of the geometry, a number of 

steps are taken by Niowave in the manufacturing process to check and preserve 
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the contours of the dumbbells through the manufacturing process – these 

procedures are described in a later section. 

ii. ILC 1.3 GHz 9-cell Cavity Theoretical Parameters 
 

frequency 1300 MHz 

TESLA design quality factor, Q0 5.3×10
9
 

ILC operational linac quality factor, Q0 1×10
10

 

R/Q (circuit definition) 518 Ω 

geometry factor 270 Ω 

theoretical BCS resistance (for 1300 MHz) 17 nΩ 

assumed residual resistance for Q0=10
10

 10 nΩ 

ILC design accelerating gradient, vertical test 35 MV/m 

peak surface electric field at 35 MV/m gradient 70 MV/m 

peak surface magnetic field at 35 MV/m gradient 149 mT 

tuning range 6300 kHz 

differential tuning with length df/dl 315 kHz/mm 

cell-to-cell coupling 1.87% 

iris diameter 70 mm 

accelerating mode standing wave, TM010, π-mode 

highest impedance parasitic modes 

TM011 

π/9 – f = 2454 MHz, R/Q = 80 Ω 

2π/9 – f = 2443 MHz, R/Q = 67 Ω 

cavity longitudinal loss factor for σz=0.7 mm 10.2 V/pC 

cavity transverse loss factor for σz=0.7 mm 15.1  

 

Table 1  ILC 1.3 GHz 9-cell cavity parameters [1,2] 
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b.  Mechanical Design 
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2.  Fabrication 
 

 

 
Figure 2.1  Completed 1.3 GHz ILC 9-cell 

 

 

b.  RF Measurements 

 
Tuning stock is left on each dumbbell so that the frequency of each cell can be 

precisely matched.  This is necessary because the flatness of the field from cell to 

cell depends on the resonant frequency of each cell.  The Niowave tuning setup 

includes a set of six tuning plates which simulate trimming of the dumbbells by 

adjusting the location of the electric short at the dumbbell ends (equators).  An 

example of a dumbbell in one of the check fixtures is shown in Figure 2.2. 
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To check how well this tuning has been performed, a bead pull of each manufactured 

cavity is performed after welding.  In this procedure a small metal bead moves on a 

string through each of the cavity’s 9 cells.  The strength of the frequency 

perturbation of the pi-mode as the bead moves through each cell corresponds to the 

magnitude of the field in that cell.  A photograph of the bead pull setup is shown in  

Figure 1.  The most effective cavity is one where the fields are equal in each cell so 

that maximum fields can be achieved uniformly through the structure. 

 

 

For the most recent set of manufactured cavities (TB9NR007 – TB9NR016), the 

cavity frequencies were measured after welding, field flatness was measured by the 

bead pull technique for each cavity, and both HOM cup notch filter frequencies (in 

the short and long end assemblies) were checked.  The results for the group and 

details for cavity TB9NR016 are presented here. 

 
 

Figure 2.2  Dumbbell frequency measurement setup. 
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Figure 1.3  Bead pull testing setup for welded 9-cell cavities 

 

 

The target frequency for the just-welded 9-cell cavities at room temperature and 

pressure is 1298.6 MHz.  Chemical polishing reduces the frequency 1.0-1.5 MHz, 

pumping down to vacuum increases the frequency about 0.4 MHz, and shrinkage on 

cooldown increases the frequency by 1.9 MHz.  The net result of these operations 

leaves the cavity at 1299.7 MHz, and the tuner is used to reach the operating 

frequency of 1300 MHz.  This set of eight cavities has an average frequency of 

1299.4 MHz, somewhat higher than the warm target – the distribution of frequencies 

is shown in Figure .  The standard deviation of the eight frequencies is 0.1 MHz – 

the good reproducibility will allow the tuning processes to be adjusted to bring the 

mean closer to the target. 
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Figure 2.4  Distribution of frequencies of ten just-welded cavities. 

 
Figure 2.5  Distribution of field flatness for the ten just-welded cavities as 

measured by bead pulls. 

As discussed, the field distribution in the 9 cells of the cavity is measured by the 

bead pull technique.  The field flatness is then calculated according to 
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The distribution of results for the field flatness is shown in Figure 2.5.  All eight of 

the recently manufactured cavities have a field flatness of 30% or less.  The bead 

pull data for cavity TBN9NR016 is shown in Figure 2.6. 

 
Figure 2.6  Bead pull data for 9-cell cavity TB9NR016 showing the 

perturbation of phase as the bead moves through the cavity. 

 
Figure 2.7  Distribution of HOM cup notch filter center frequencies. 

The center frequencies of the HOM cup notch filters has also been checked for each 

of the cavities.  To properly reject the fundamental mode, this frequency should be 

1300 MHz – the width of the notch allows a window of ±30 MHz to be considered 
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acceptable.  All 20 of the HOM cup notch filters on these 10 cavities meet the 

specification as shown in Figure 2.7.  An example of the data for a notch filter is 

given in figure 2.8. 

 
Figure 2.8  Transmitted power plot from the network analyzer characterizing 

the HOM cup notch filter on short end assembly 1S, part of cavity 

TB9NR007.  
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c.  Mechanical Assembly 
 

i. Cavity Components 
 

 
* Material certifications are attached in appendix C 

Part/Assm. Tracking # Material Vendor Lot #
Internal 

#

Long End Half Cell P7-4-5 Plansee 90512418 P7

Long End Disk Flange (Trans. Ring) L10 Heraeus 3199/S103183 H8

Long Endcap Disk (NbTi) 12L Ningxia 2010-4-9-368-101014 N8

Long End Ti Transition Ring (MCE) 10 Titanium Industries 232542

Long End Beam Tube 4L Ningxia W2009-02-16-090323 N3

Antenna Spool 3 Heraeus 3199/S103036 H7

Antenna Port Flange (NW 8) 4 Ningxia Nb-55TiD-2-10001 N6

Long End Beam Tube Flange (NW 78) 16 Ningxia Nb-55TiD-2-10001 N6

Long End HOM Housing L4 Heraeus 3192 H4

Long End HOM Spool 10 Heraeus 3199/S103036 H7

Long End Formteil 10 Ningxia 2010-4-9-368-101207 N15

Long End HOM Flange (NW 12) 13 Ningxia Nb-55TiD-2-10001 N6

Mid-cell ID N4-16-5 Ningxia 2010-4-9-368-100909 N4

Mid-cell ID N4-17-1 Ningxia 2010-4-9-368-100909 N4

Mid-cell ID N4-19-3 Ningxia 2010-4-9-368-100909 N4

Mid-cell ID N4-24-2M Ningxia 2010-4-9-368-101018 N4

Mid-cell ID N4-3-9 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-3-2 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-6-1 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-1-1 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-5-7 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-1-4 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-8-7 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-9-4 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-23-9 Ningxia 2010-4-9-368-101111 N4

Mid-cell ID N4-4-9 Ningxia 2010-4-9-368-1008171 N4

Mid-cell ID N4-16-3 Ningxia 2010-4-9-368-100909 N4

Mid-cell ID N4-24-6 Ningxia 2010-4-9-368-101018 N4

Short End Half Cell P7-6-4 Plansee 90512418 P7

Short End Disk Flange (Trans. Ring) S1 Heraeus 3199/S103183 H8

Short Endcap Disk (NbTi) 5S Ningxia 2010-4-9-368-101014 N8

Short End Ti Transition Ring (MCE) 1 Titanium Industries 232542

Short End Beam Tube 3S Ningxia W2009-02-16-090323 N3

Coupler Spool 3 Heraeus 3199/S103036 H7

Coupler Port Flange (NW 40) 2 Ningxia Nb-55TiD-2-10001 N6

Short End Beam Tube Flange (NW 78) 25 Ningxia Nb-55TiD-2-10001 N6

Short End HOM Housing S12 Heraeus 3192 H4

Short End HOM Spool 17 Heraeus 3199/S103036 H7

Short End Formteil 17 Ningxia 2010-4-9-368-101207 N15

Short End HOM Flange (NW 12) 16 Ningxia Nb-55TiD-2-10001 N6
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ii. Key Parameters 
 

The interior cavity profile must be within +/- 0.2 mm of the nominal design.  

This profile has been verified with a check fixture for all dumbbells and end 

groups.  This check has been logged in the process sheets contained in 

appendix d. 

 

All electron beam welds were inspected after each welding operation to verify 

both the proper weld penetration and appearance.  Leonardo Ristori (FNAL) 

recorded video of one of the equator welds as an example of the interior weld 

quality for the end groups.  The remaining equator welds were inspected by an 

operator utilizing a manual bore scope. 

 

Cavity length is also an important parameter to track, and it goes hand in hand 

with cavity frequency.  As each cavity is tuned by FNAL personnel, the over-

all cavity length will change.  The current as-welded (not yet tuned) cavity 

length has been recorded in the cavity inspection documentation in appendix d. 

 

 

iii. Fabrication Observations 
 

The vast majority of the cavity dimensions meet design specifications, but – as 

with any production project – there are a few minor observations to report on 

this cavity.  In order to enhance the welding efficiency of the dumbbells, they 

were welded over multiple shifts with different weld operators and welding 

technicians.  Unfortunately, this resulted in some small variations (< 0.080” on 

the diameter) in the stiffening ring placement for nearly all of the dumbbells.  

We will be revising the tooling for stiffening ring installation to remedy this 
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observation on future cavity fabrication efforts.  This cavity was one of two 

from the batch that had a blow-through on one of the full penetration equator 

welds.  The blow-through has been repaired, and the area of the repair is 

marked on the outside of the long end group beam flange for future reference.  

The repair work is documented in more detail in appendix f below.  There is 

also a small variation in the ID of the short end beam tube that was spotted at 

the interface between the beam tube and the Nb end disk flange.  The last 

observation to report is that the overall cavity length is approximately 3mm too 

long. 

 

3.  Appendices 
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b. DESY & FNAL Cavity Fabrication Specifications 
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c. PRSTAB for ILC TESLA 1.3 GHz 9-cell Cavity 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 63 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 64 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 65 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 66 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 67 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 68 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 69 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 70 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 71 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 72 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 73 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 74 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 75 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 76 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 77 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 78 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 79 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 80 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 81 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 82 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 83 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 84 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 85 

 

 



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 86 

 

  



Cavity Fabrication Final Report  1/20/2012 

Niowave, Inc. TB9NR016 87 

 

d. Material Certifications 
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e. Component Fabrication Travelers 
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