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11.4 GHz test structures
8 new designs in 2007 and 17 new structures

Test of CLIC structure prototype (vgl)

Test of different geometries (aperture and iris thickness)
Test of P/c
Comparison of damped and undamped structures

Comparison of technology: quadrant to disk

30 GHz test structures
8 new designs in 2007 and 12 new structures

Test of different geometries (aperture and iris thickness)
Test of P/c

Comparison of damped and undamped structures
Comparison of technology: quadrant to disk

Test of different materials

Test of different cleaning procedures

Test of new ideas




The CLIC vg1: CLIC prototype
Collaboration between CERN,KEK,SLAC

8 structures,

4 different designs

Structure name CLIC vgl
RF phase advance per cell: Ag [] 120
Average iris radius/wavelength: <a>/L 0.128
Input/Output iris radii: a, , [mm] 3.87,2.53
250000.00 2
] Input/Output iris thickness: 4, , [mm] 2.66,1.25
l seve  (1L2)/0 [O,
20000000 /\ ﬂ . Group velocity: v, /c [%] 2.4,0.95
] N. of cells, structure length: N, / [mm] 18,179
15000000 ] A m ﬂ {\ Bunch separation: NV_ [rf cycles] 7
%‘ ] U Number of bunches in a train: N, 121
E‘ ] ﬂ ﬁ (\ [\ m Pulse length, rise time: 7,7, [ns] 127,19
8 100000.00 -
U U v U U u Input power: P, [MW], P/C, , |[GW/m|] 81,3.3,3.2
] Max. surface field: £, /M [MV/m] 304
50000.00
:J \% Max. temperature rise: AT™X [K] 38
] Efficiency: # [%] 23.7
0.00
0.00 0.20 O e alizedD it 00 10 Luminosity per bunch X-ing: L,, [m?] 3.0x10%
Bunch population: N 7.0x10° 3
Figure of merit: nL,, /N [a.u.] 10.2




Comparison of damped and undamped structures and technology

The vg1 family:

T18 vg2.4 disk

TD18 vg2.4 disk

T18 vg2.4 quad

TD18 vg2.4 quad

Direct comparison of technology (quadrant/disk)

Direct comparison of dumped/undamped structures

30 GHz

C30 _vg 4.7 _quad

C30_vg 4.7 disk (tested)

HDS 4_thick

NDS_4_thick




Different geometries (all structures in disks)

In red: 11.4 GHz new structures
In blue: 30 GHz new structures (scaled values for a and d)
d [mm] 2.79 2.13 2.00 1.66 1.37 1.25
a [mm]
2.53 Vg: 0.7% CLIC _vgl
output 1.0%
2.85 T53 output
1.0%
3.0 CERN-X Vg: 1.35%
1.1%
3.87 Vg: 2.25% 30 GHz 21/3 T53 input
3.89* *) %2.6% Vg: 3.3%
4.38 30 GHz 2n/3
4.7%
5.00 30 GHz 30 GHz
/2 7.4% 2n/3 8.2%

(*) not very different from input vg1 (d=2.79; a=4.06)




Direct comparison of variation of a and P/c
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In blue: 30 GHz new structures (scaled values for a and d)

d[mm] |2.79 2.13 2.00 1.37 1.25
a [mm]
2.53 Vg: 0.7%
2.85 193 ouTput

1.0%

3.0 Vg: 1.35%
3.87 T53 input
3.89* Vg 3.3
4.38
5.00




Direct comparison of variation of d

d[mm] |279 2.13 2.00 1.66 1.37 1.25

3.0 '

3.87 Vg: 2.25% || 30 GHz 2n/3 T53 input
3.89* *) %2.6% Vg: 3.3%
4.38

5.00

(*) not very different from input vg1 (d=2.79; a=4.06)




Direct comparison of variation of P/c

In blue: 30 GHz new structures (scaled values for a and d)

d [mm] 2.79 2.13 2.00 1.66 1.37 1.25
a [mm]
2.53
2.85
3.0
3.87 30 GHz 2n/3
3.89* %2.6%
4.38 30 GHz 211/3

4.7%

5.00 30 GHz

/2 7.4% (*)

(*) different phase advance (90°)
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Is it possible to change some global parameter
without changing local field distribution?
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Only by changing the propagating mode

E Field[¥/m]

1. 8634 +B80
9, 9699 -B81
9. 3E54e-BE1
&, 6489 -051
7.9764e-051
7.3119=-881

6. G474e-BE1
5.9628e-801

5.3183e-801
TMy, regular cell “reference” e o
- S oo
1.3313e-B81

B, 6E84e-BE2

Same phase advance
Same P/c

Same aperture and iris shape

Same field configuration in the iris region

but

Different group velocity: 4.7% & 2%
Different R/Q: 29 kQ/m & 12 kQ/m

TM,, regular cell

Test structure in disks: 30 cell and identical mode
launcher of the “conventional” 211/3 @ 3.5 mm



Direct comparison of Vg

(as,ds,vgs), (al,d1,vgl)
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Why speed bump?
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From Igor’s presentation
at the X band workshop:
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Very often we do observe, that after accelerating
structure processing the most of the surface
modifications take place in a few first cells. Also the

number of cells involved is correlated with the group PINC PINC
velocity, the less the Vg the fewer cells modified. —é h
HDS 60 L HDS 60 S
What do we certainly know, the breakdown ignition is a very fast
hnnrn N1 _10 n T£ o s +ho mn AifFfp re hoturinon
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the “first" and “second cgll is accessible bapdwnd‘rh. We can tray by
And The lower group velocity the more the dlfferenqe. reducing vg in the
The first cell, if breakdown occurs is loaded by the input matching cell

coupler/waveguide and is very specific in terms of bandwidth.

Other words, the first cell can accept "more” energy during breakdown
initiation then consequent ones.

Worse to mention that we do not know the exact transient behavior of

the breakdown and the structure bandwidth could play important role. y



E Field[¥/n]
2. 2477 e+l

2. 1872+
1. 9667 e+
1. 6263+

1.6858e+@B5

1. 5453+
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9, 6337 e+
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Speed bump (TMg;)
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f (GHz)
Test structure in disks: 30 cell and identical mode 12

launcher of the “conventional” 211/3 @ 3.5 mm



Breakdown probability

Comparison of different materials and cleaning procedure

(all 30 GHz structures in quadrants with damping waveguides)

HDS11_small_Mo =] ———  HDS4_vg2.6_Thick
(Molybdenum) (no cleaning)
HDS11_small Ti  c— HDS4 vg2.6_Thick
(Titanium) (cleaning in Saclay)
~ " Cleaning provided by high pressure
HDS11_small_Cu water flow (25,50,85 bars)
(copper)
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Peak gradient . . .
Direct comparison of cleaning procedure



Conclusions

The test structure program intends to investigate the response of the b.d. rate to
several free parameters that define a TW structure

In particular the following parameters are presently under investigation:
aperture

iris thickness

iris shape (elliptical)

group velocity

material » TMO2 test
technology (quadrant/disk)

damping waveguide
If possible only one parameter at the time is modified

The performances of the different structures are compared in the same power test
conditions (other dynamic parameters play a fundamental rule in the b.d. rate...but
this is another story)

The tests provide information not only for the b.d. rate but also in term of b.d. damage
(example titanium) and b.d. damage distribution (example: speed bump)

The tests provide information on the different companies that machine the structures
For more information: riccardo.zennaro@cern.ch
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