
7/11/2003 G.Romanov 1

NLC structure electrodynamics design and test 
results.

July 11, 2003 G.Romanov
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Two Purposes in support of LC R&D:
• build and demonstrate the technical feasibility of multiple    
structures (same as converge on a “final”design)
•develop the route to mass-produced structures along   with 
determining their final cost.

Tug Arkan, Marco Battistony, Cristian Boffo, Evgeny Borissov, Harry Carter, 
David Finley, Ivan Gonin, Timergali Khabiboulline, Gennady Romanov, Nikolay Solyak

• Seven Elements of the RF Factory
– RF Design *
– Produce Copper / Machine Copper *
– RF Measurements & Development / Low Power *
– Structure and Vacuum *
– Mechanical Measurements of Straightness *
– Brazing / Bonding Facility *
– High Power Processing
From David Finley’s Presentation at the May 31, 2000 NLC 

Collaboration Meeting at Fermilab



7/11/2003 G.Romanov 3



7/11/2003 G.Romanov 4

Traveling wave constant gradient detuned damped 
accelerating structure

RDDS1

Description: 1.8 m long Rounded, Damped-detuned Structure (RDDS) used in the NLC X-band  linacs. "Y" style 
input rf coupler; double horizontally symmetric output couplers each terminating in water cooled high power rf 
loads. Internal and external HOM loads. Average unloaded gradient of  72.3 MV/m, effective loaded gradient of 
55 MV/m. A diffusion brazed assembly of 206, longitudinally coupled copper cells 60 mm OD and 8.75 mm thick 
which are precision machined to micron   tolerances. Integral to the assembly are rf bpm feedthrus brazed to the 
HOM manifolds. Vacuum  pumping is symmetric to both sides of the structure to stabilize vacuum loads.
note(1):    <3 breakdowns/hr at operating gradients
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In spite of all parameter variations, it’s still
…traveling wave…

FXB type, 150° phase advance, FNAL waveguide couplers,
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…constant gradient detuned…
Dispersion curves (FXA)
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R.H.Helm, G.A.Loew. 1969.

“By suitable variation of the transverse 
modular dimensions, it is feasible to 
design an accelerator in which the axial 
electric field are essentially constant along 
the length of the structure.”

+
First dipole dispersion curves (FXA)
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“Another remedy is to displace the  - of 
the HEM mode by modifying the modular 
dimensions of the cavities or perturbing 

their symmetries …”

= All disks are different.
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…damped accelerating structure.

Fundamental mode

First dipole mode
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Single disk QC Set-Up

Not more than ± 0.5 MHz
(goal)± 0.2 MHz
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Single disk QC Set-Up

Disk dimension table from SLAC, drawings

Test disk set
Half cells

Table of
“disk-in-setup” simulations

Test disk RF and mechanical QC

Feedback to vendor

Full disk set. RF QC.
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ICG8, June 24-27, SLAC Structure testing

1 10830.68 4761.314 11332.75 3891.622 15375.93 4066.513 16721.56 4770.846
2 10795.58 4698.215 11377.96 4095.624 15286.43 4092.262 16675.09 4955.865
3 10799.94 2671.403 11371.6 1318.18 15292.58 1937.203 16681.53 2238.855
4 10798.61 2561.595 11373.06 1690.572 15289.98 1922.47 16676.99 1614.671
5 10800.24 2426.43 11368.17 1985.082 15296.19 1657.339 16680.49 1505.054
6 10797.93 2827.999 11371.66 1734.174 15289.14 1343.356 16678.24 1287.944
7 10805.39 2948.055 11366.52 1198.194 15305.26 2063.223 16688.49 2529.18
8 10803.65 1943.584 11359.35 1010.488 15309.95 1516.353 16686.55 1271.711
9 10805.23 1341.764 11359.76 900.088 15303.79 1129.958 16672.48 746.659

10 10803.67 2312.426 11361.74 1664.412 15310.79 1186.295 16690.65 1282.851
11 10807.46 1735.696 11356.32 911.374 15318.94 1622.284 16689.9 1149.417
12 10808.59 2020.706 11353.32 1111.349 15323.69 1440.861 16693.14 1085.589
13 10811.16 2156.749 11349.56 1525.757 15330.67 766.685 16699.42 842.921
14 10813.4 1468.313 11347.47 1129.965 15338.63 1399.557 16697.91 1225.343
15 10815.84 1935.872 11344.73 944.931 15347.47 1649.238 16701.52 1254.1
16 10816.66 2095.177 11343.74 1145.559 15348.54 1412 16701.57 1502.476
17 10814.98 1477.57 11343.41 808.435 15348.8 967.013 16705.34 1228.65
18 10819.58 2138.963 11342.4 1353.102 15352.58 1395.745 16704.5 1319.895
19 10821.71 2297.738 11338.07 1476.213 15360.95 1387.548 16708.17 1332.129
20 10823.49 1869.085 11335.66 1390.271 15367.73 982.074 16714.52 1011.364
21 10826.68 2053.331 11332.09 1354.798 15373.56 1142.985 16713.35 998.447
22 10828.96 1960.327 11326.13 1376.345 15386.56 886.133 16723.24 941.637
23 10826.73 1543.894 11326.36 790.105 15381.85 971.392 16720.15 822.378
24 10827.99 1221.158 11324.32 640.284 15387.09 921.691 16725.36 925.636
25 10831.8 1663.798 11321.69 893.568 15391.38 1060.545 16723.46 578.579
26 10833.89 1636.642 11320.67 1367.396 15396.83 865.979 16729.94 772.464
27 10835.85 1567.718 11316.18 961.363 15404.88 955.606 16729.67 914.11
28 10838.18 1559.081 11314.85 1585.231 15415.06 889.589 16739.47 920.18
29 10839.95 1844.337 11312.4 746.64 15415.48 893.54 16719.28 633.779
30 10839.36 4140.139 11314.78 3929.052 15423.23 3650.529 16735.2 4242.011
31 10838.19 4377.502 11313.67 3985.157 15425.53 3783.204 16733.97 4658.971
32 10830.38 4065.423 11332.12 2483.74 15376.22 3487.199 16721.48 4325.541

Single disk QC. Automation. 

Record is 35 seconds per disk

FXB-001. Random errors. "0"-mode.
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Arbitrary number of modes

On-line control

It’s fast

More than 600 measurements 
of frequency per set
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Fundamental mode coupler design

FXA – correction
FXB(2,3) – “fat lip”
FXB(4-6) – “waveguide”
FXC (75 cm, 3D) – “waveguide”
FXC (60 cm) – “waveguide”
FXD(?) – “waveguide”
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Structure tuning. Bead-pull.

[3] C.W.Steele, 1966
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Structure tuning. Bead-pull
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ICG8, June 24-27, SLAC Structure tuning

Bead-pull measurements
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Short 50nsec pulse processing,12 hours 

100nsec pulse processing, 12 hours

170nsec pulse processing, 40 hours

240nsec pulse processing, 10 hours

400nsec pulse processing, 60 hours

400nsec pulse at design accelerating field 65 MV/m, 
12 hours

400 ns , first 65 MV/m run. About 1 Breakdowns/h
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Later:

400nsec pulse at design accelerating field 65 MV/m, 8 
hours. About 0.6 Breakdowns/h.

400nsec pulse at accelerating field 67 MV/m, 9 hours. 
About 2.5 Breakdowns/h.

NLC project:

400nsec pulse at design accelerating field 65 MV/m. 
0.1 Breakdowns/h.

Rumor: Breakdown level 0.25-0.3 per hour for RF pulse 
400 nsec and 65 MV/m unloaded accelerating gradient.
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