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Combined Project Scope — -

REMAINING EUCARD1 TASKS (FP7)

» Gradient tests of a cell design excited in a dipole mode at SLAC
» (Awaiting delivery from Shakespeare Engineering)

« Manufacture a multi-cell un-damped cavity for high power tests at CERN
» (Disc manufacture is proceeding)

« Complete phase measurement sampling electronics
» (Will complete by August)

UK-CERN CLIC COLLABORATION PROJECT
*Development of a damped structure with racetrack/elliptical cells
» (on going)
Engineering design work to enable prototype cavities to be tests at CERN
» (cooling, vacuum, mounting, instrumentation etc.)
» Experiments to understand stability of the RF distribution system
» (PhD projectstarting with RF measurements on CTF3 use dog leg)
R&D as necessary to improve stability of RF distribution system
» (Some new ideas to present)

//E:J—é ARD CERN May 2012
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CLIC crab cavity specification

e |

e Transverse space: ~1m

* Bunch rotation angle: 10 mrad

» Travelling wave mode: 21t/3, 11.9942 GHz

* Voltage: 2.55 MV per cavity

» Available peak power at cavity: 14 MW

» Max peak surface field (absolute) 250 MV/m

 Max peak pulsed heating: 40 K

* RF tolerances for 98 % luminosity: dV,/ V=2 %, dé¢,=22 mdeg

Use TMyq0, pillbox

crabb

Ing mode

Thedesignprocess mustalso meetwakefield specificationsand have
ameans to manage unpredictable beamloading

7~ EUCARD

with vertical B field on axis,
phased for zero B at bunch centre

CERN May 2012 @Ii‘li
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Cavity synchronisation

e |

CLIC bunches ~ 45 nm horizontal by 0.9 nm vertical size at IP.

Cavity to Cavity Phase 7200,f | 1
. . = —1 degrees
synchronisation requirement cO S4
c rms
Target max. luminosity f oy 0. Orms At (fs) Pulse
loss fraction S (GHz) | (nm) (rads) (deg) Length (us)
0.98 12.0 45| 0.020 0.0188 4.4 0.156

So need RF path lengths identical to better than ¢ At=1.3 microns

7 EUCARD

R ——

CERN May 2012

©)l




¢) _ L;-.NCA_STER) \
=" Beamloading and cell number —— -
of Accelerator Science and Tecnnolog
Managebeamloading by having s 12 -
high power flow or dissipation § 10 -
much high than expectedloading ka g -
o
Canincrease power convectionby | & » ©°
increasingthestructuregroup S o 4
velocity. S5 2
Thegroup velocity depends oniris g g
radius. 3
S -4 T T T T \ T T l
But have limited power (~15 MW) © 0 1 2 3 4 5 6 7 3
at cavity socanonly increasethe iris radius (mm)
convectionso much.
30 - 50 -
g 20 - E 30 4
: g 157 £
3> 4
Ten cells is E Lo F 20 L
about about 2 : 10 /\ ¥
.. 5 - 3
the minimum & N\
0 1 T T
4 5 6 7 8 4 5 6 7 8
Iris radius (mm) Iris radius (mm)

//E:J_(;ARD CERN May 2012 @N
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%ﬁ%ﬁemﬁPlanned CLIC crab high power tests \

Travelling wave 11.9942 GHz
phaseadvance 2n/3
TM110h mode
Inputpower ~14 MW

Test 1:
Middle Cell Testing — Low

cells. Develop UK
manufacturing.

Test 2:

Coupler and cavity test —
Final coupler design,
polarised cells, no dampers.
Made with CERN to use
proven techniques.

Test 3: e
Damped Cell Testing — Full

system prototype ke

//EUEARD CERN May 2012
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Mag: 203 X

V@CCO Mode: VSI

Surface Statistics:
Ra: 1.04¢+002 nm
Rq: 1.38¢+002 nm
Rz:

Rt: 2.62¢+000 um

Set-up Parameters:
Size: 640 X 480

Sampling: 4. 88e+007 iy, 5=

Processed Options:
Terms Removed

Tult

Filtermg

None

Prototype 1 — UK Built

The Cockcroft Institute

of Accelerator Science and Technology

Surface Data

LANCASTER

UNIVERSITY

N\

The 1st CLIC crab cavity prototype has been
manufactured by Shakespeare Engineering
in the UK.

Tolerance and surface roughness on single
parts have been measured and are
acceptable.

Waiting for flanges to be brazed.

Date:
Tme:

- 12

- 100
- DS0

- 0Do
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CLIC detector halls -

Crab cavity klystron

(

Have had meeting
with MDI group (23
Oct 2011) to discuss
the location of the
klystron and
waveguides in the IP
region.

Overmoded
waveguide from
magic tee to
klystrons

Rack space Platforms

~35m of waveguide from
//EEARD the Tee to the cavities

CERN May 2012
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ré’q_

oscillator

main beam
outward pick up

Estimate of bunch to RF synchronisation ~ 100 fs (0.43 degrees)

RF and sync to beam

Control

Wawveguide with micron-

level adjustment

Pulsed
Modulator

v

Magic | \waweguide with micron-
Tee level adjustment

LLRF "®v\

Phase |4

L%NCHSTER} \

I travelling
E‘\ wave cavity

Main beam
outward
pick up

12 GHz Pulsed

Klystron
(~ 50 MW)

T

Shifter

\4

Control

Vector
modulation

)

12 GHz

Oscillator

Once the main beam arrives at the crab cavity there is insufficienttime to correctbeamto cavity errors.

Send off frequency pre-pulse and measure phase difference ofreflections
Perform waveguide length adjustment at micron scale
Measure phase difference betweenoscillatorand outward going main beam

Klystron output is controlled for constant amplitude and phase

Record phase difference betweenreturning main beam and cavity

0

1

2.

3. Adjust phase shifter in anticipation of round trip time and add offsetfor main beam departure time
4

5.

6.

Alter correctiontable for next pulse

7~ EUCARD

\_/

CERN May 2012
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e RE PAth length measurement

=)

Cavity Coupler

48 MW 11.994GHz
Klystron 200 ns 50 Hz
rep.

ncasteeh
)

Cavity Coupler

0dB or -40dB Power Power 0dB or -40dB
T reflection Meter Meter reflection
12 RF Phase Measurement
MW System
-30 dB -30 dB
coupler coupler
Tee
Lossy Phase Phase Lossy
Waveguide shifter shifter Waveguide
(-3dB) (-3dB)
Main pulse
reflection
~ Measurement
300 W
8 kW 11.8GHz pulse return
Klystron 5 ps 1kW
. pulse 5 kHz rep.
//E:J_CEARD CERN May 2012 A
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e PNASE Measurement accuracy |

Accuracy depends on measurement bandwidth due to noise
limitations (bandwidth determines minimum measurement time).
Table below shows data for a single mixer + amplifier with 14 dBm
power input: can use 4 to double accuracy and use more power.

Double High
Reflection from cavity 1 balanced mixer szrid OP  variable LPF
P Voltage to
—> oscilloscope
/ADC
Reflection from cavity D e

Pulse length Bandwidth Thermal calculation (milli- RMS resolution measured
deg) (milli-deQ)
0.14 ms 7 kHz 0.56 1.0
5 s 200 kHz 3.0 4.6
33 ns 30MHz 37 57

//EL—(E ARD CERN May 2012 @N
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veasurement — Cavity reflection with frequency —— -

" pulse@11.8GHz,
=100% reflection

J S-Parameter Magnitude in dB

_40- --------------------------- -i --------------------------------------------
PSS RO SN 1 I o e
. =g e |
; ; T e e e | | ;
| i i i i i i i i i
11.2 11.9 F 121 12.2 12.3 124 12,5 12.6 12.7 12.8
) Frequency [/ GHz
Normal Operation
- @11.994 GHz, -45dB
//EIJ—(SARD reflection CERN May 2012
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Waveguide choice UNIVE R |
The Gogkaroft Institute
Waveguide type Mode Transmission Timing error/0.3°C Timing N° of
35 meters COPPER Width error/0.3°C modes
Expansion= 17 ppm/K length
WR90(22.86x10.16mm) TE10 45.4% 210.5fs 498.9fs 1
Large Rectangular (25x14.5mm) | TE10 57.9% 189.3fs 507.8fs 2
Cylindrical r =18mm TEO1 66.9% 804.9fs 315.9fs 7
Cylindrical r =25mm TEO1 90.4% 279.6fs 471.41s 17
| Coppercoated extra pure INVAR | Mode Transmission Timing error/0.3°C Timing N° of
35 meters Width error/0.3°C modes
Expansion = 0.65 ppm/K length
WR90(22.86x10.16mm) TE10 45.4% 8.13fs 19.04fs 1
Large Rectangular (25x14.5mm) | TE10 57.9% 6.57fs 19.69fs 2
Cylindrical r =18mm TEO1 66.9% 30.8fs 12.11fs 7
Cylindrical r =25mm TEO1 90.4% 10.7fs 18.02fs 17

Rectangular invar is the best choice as it offers much better temperature stability->
Expands 2.3 microns for 35 m of waveguide per 0.1 °C.

//E:J—(E ARD CERN May 2012 @N
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LLRF Hardware Requirements -L’?'N-CASTER)\.

Fast phase measurements during the pulse (~20 ns).

Full scale linear phase measurements to centre mixers and for calibration.

High accuracy differential phase measurements of RF path length difference (5 ps, 5 kHz).

DSP control of phase shifters.

Linear Phase Amp +
Detector LPF

10.7GHz
Oscillator

DBM DBM ADC
> ¥
Amp +
=» ADC =»| DSP
LPF ;
DAC
30 dB Wilkinson 30 dB )
_ coupler " splitters ‘ coupler
To Cavity M agi c To Cavity
h ﬁ
Tee
Manual phase shifter Fast piezoelectric
for initial setup phase shifter

//EUEARD Prototypesystemshave been developed. cern vay 2012 @N
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_ L;-.NCA_STER) \
Proposed CTF dog-leg experiment —— k

« Use klystron, slide tuner and magic tee to determine the phase
stability of the CTF WG dog-leg.

RF Phase

Measurement

_ System _ .
30dB 30dB Cavity OR

(coupler ’ ‘coupler ’ short

_ /<
' portl Aport port 2> CTF dog-leg

Sliding short
with micron —
level 30 dB
adjustment coupler > port | |
. Compare reflections from cavity/short at the
magic tee using:
1. Power radiated from the A port.
2. Phase measurement system attached to
Klystron couplers.
//EIJ—éARD CERN May 2012 @V
- 2



4>

The Cockcroft Institute

of Accelerator Science and Technology

Wakefield calculations for _L*?‘N_C%STER)\_
cylindrical cavity

3D Eigen mode simulations were performed in Microwave studio for the first two
vertical, horizontal and monopole pass-bands including input/output couplers.

» The largest kick factor of any vertically polarised dipole mode is the
2n/3 mode in the SOM pass band (k=1.2 V/pC/mm).

* The highest kick factor of a HOM is only 0.27 V/pC/mm. Three

SOM passband (freq and Kick factor) modes in the SOM pass band have higher kick factors.
we o * Hencethe SOM pass band dominates the vertical wake.
13 » Y 1200 c
g 12.8 1000 G
) & 2 130 o
g 126 . 800 E == SOM x HOM damping « Initially we worked on the
g 124 e 00 % 120 _ assumption that all modes
= e x ¢ ¥ 0 o . would be damped equally.
12 r L X X 200 E .
118 0 S Lo « This lead to a very stringent
0 2 4 6 8 10 12 n damping tolerance for a Q of
Modes 50 125
|
#freq MAFIA B freq MWS A Kick MAFIA < Kick MWS B0 T e We assume a static offset of
60 a 200 400 500 800 1000 1200 1400 .
. . Sum wake x Q abom 35 microns (tolerance ~8.5
'
£ 10 / \ /\\ /\\ /\ 10000 . VIipC/mm).
2 50 [ | // \ / \\ // \\ . Offset x Q « The required Q factors drop
> //\—\\\7- 7/ 7/ g 100 'S . significantly as the static
= 20 ~S ]
1o f/ “\/ \V E * " offset increases. If we assume
. g . * a 0.1 mm offset we need to
0 26 52 78 104 130 156 damp the SOM to a Q of 100.
Time, ns
10 T T T T T T T

——Q=6000 RMS=34.25V/pC/mm

500 24.58V/pC/mm

0 20 40 60 80 100 120 140 160
100 6.45V/pC/mm —50 2.713V/pC/mm Offset (rg), pm
7 EUCARD ¢ soms B nom CERN May 2012 I
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2.4%e8
1.60e8
1.12e8

7.78e7
5.07e7
3.13e7 1
1.68e7

L]
-1.11e7
-2.35e7
—4.03e7
-6.29e7
-9.34e7

- -1.35e8

 -1.90e8
 -2.uhe8

E-Field (peak)
Hode 1

z

4.1658
3.70011e+008 U/m at 8 / 6.58926 / 4.1658
12.9938

8 degrees

E-Field (peak)
Hode 1
Z
4.1658
2.52448e+008 U/m at 44.6424 / 0 / 4.1658
18.654

0 degrees

1.00E+07
1.00e4+06  * Crab
1.00E+05

~ 1.00E+04 — -

& Dip3_vert
1.00E+03 LOM ¥ 2-port wg
1.00E+02 ¥ X ¢ 4-port wg
1.00E+01 SOM ¢} =+ Dip3_hor
1.00E+00

0 1 2 3 4 5 6

¥ We can use a wavequide to damp the horizontal HOM’s as well as long as the crab is below Y
7 EUCARD it 9 P d @
\-_/
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] ] L,&.NC,&STER)
Single mode sum wakefield — \

-
[d 3]

« |If asingle mode excitation by the
beam is assumed, the sum
transverse wakefield yields the
function shown in the figure

V(\ * Thisis nearly true because the SOM

, dominates the vertical wakefield
0. 1 "« At Af=0, the kick is zero but this point
Is close to the maximum wake as

there is maximum energy in the
cavity

I
(e ]

[d ]

V/ipC/mm

* At +/- 1GHz, every bunch cancels the
Aw/2r, GHz field induced by the previous bunch
and wake is again zero

—Q=500 —100 —50 : :
* This suggests the use of asymmetric

cell shape to detune the SOM to 13
GHz

At 13 GHz,all the modesin the pass
band arefar fromresonancehencethe
required dampingis reduced
significantly fromthat of a symmetric

E cell shape
//E:J—é ARD CERN May 2012 @N



¢) Racetrack cell-surface fields

of Accelerator Science and Technology

Esurf
usm
8.09e8
6.82e8
5.81e8
L4 _80e8
3.79e8
2.78e8
1.77e8
7.58e7
a
Type E-Field {peak}
Honitor Hode 1

Component Abs Typ'_? '
Maximum-3D0  8.34156e+808 U/m at @ / 5.6 / 0.827758 bl PogoiEing DeeEar

Frequency 11.9941 Bomlmnent Abs A
Amplitude Plot Hazimum-3D 1.12685e+014 UA/m™2 at 3.51852 / 4.11 7/ B.B27758

Frequency 11.9941

LANCASTER

UNIVERSITY

N\

Ssurj‘= (E X H)surf

va/m"2

* Dipolefields are quite different
from accelerating field

9.74e+013

8.22e+813
7 .BBe+B13

» Peak electric and magnetic fields
of the dipole mode arelocated 90

L_79e+013
st degreesfromeach other onthe
2.13e+813 IrIS

9.13e+812

* Surface Poynting flux S is
however at45degto both E andH

Powerflow (peak)

* Location ofthe breakdown onthe

[ iris provides critical information
o Property Value aboutthe role of magneticfield in
o Energy stored, J 1 breakdown
::zze: Qcu 6395 - The cavity has a large Sc but
8.0ko5 R/Q, Ohm 54 65 relatively Iow_E andH fiel_ds at the
oo surfaceso this also provides an
0 Vg %0 -2.92 independentverification of new
Type H-Field (peak) ESUI’f/Et 343 CERN theory.
:I::E;:::;D 2?;85339+806 A/m at 4.81481 7 1.254 / 8.85568 HSUFJEt 0.0114
Frequency 11.9911
7™ EVCARD Sc (W/um?) 3.32 CERN May 2012 @N
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Undamped vs damped cell

LANCASTER)K
UNIVERSITYSN

Racetrack cell

RY/Rx=1.207, foyap=12 GHZ, fsom=13 GHz

Waveguide damped

Shape Q R/Q, Ohm -V, Y0 C En/E Ho/E;
Cylindrical- 6396 53.66 2.94 3.497 0.0115
undamped
Racetrack- 6395 54.65 2.93 3.425 0.0114
undamped
Racetrack- 6022 50.57 2.63 3.676 0.0117
Damped

No major changes in RF properties with cell shape or damping

EUCARD
b

CERN May 2012
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Coupler Options

Standard Mode launcher

Waveguide

A
»

L~

We investigated Standard, Waveguide and Mode launch couplers

7 EUCARD

CERN May 2012
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Mode launcher
|
coupler  Useful cavity
: length
—
[— i
:
:
Waveguide :
coupler :
|

Standard (compact)

coupler

AT
GJEARD

\h/

] LQNC%STER)
Coupler properties SR \

Surface fields for 12 cells, 2.55 MV kick

Esurf’ Hsurf’
MV/m kKA/m

Mode launcher 102 339
Waveqguide 100 339
Standard 102 332

coupler type doesn’t make a difference in the
surface fields

Because peak E and H fields lie on the irises for a
dipole cavity

So performance is not limited by the coupler
heating

We chose standard couplers for now as it is the
most compact

CERN May 2012 @Ii‘i



4>

The Cockcroft Institute D u al feed C O u p I e r
of Accelerator Science and Technology

LANCASTER

UNIVERSITY

N\

e Field has perfect symmetry about the coupler forcing the
monopole component to essentially zero

e But needs two splitters which increases structure complexity
and may have impact on phase stability

e Difficult to tune and damp end cell

AWHHHHHHWH__

Uim

12388 .
9616
7308

5888
2692

Q000

3000 1

7000 +

-4231

-6539
-8846 ]

-12388

G000

5000 1

4000 4

2000 +

2000 4

1000 4

o t } } } .
o S 10 13664 |5 0 25 30
Length

bsE, d cell
//E’U_EARD abst x y @ end ce CERN May 2012 @N
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Single-feed coupler -

(1) Standard single-feed (2) Single-feed with dummy waveguide

Shorted dummy guide

/'E’{-J_C\ARD CERN May 2012 y
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Single feed coupler -L%N-CASTER)\-

absEz x r in endcell for 1 W Multipole components

2000 30
E 1600 25
S =
= 20 E
E. T o 1200 =
& AN e
= E-‘ B00 fi L) L | L L] L | 1y (=]
]
|.'i:'|I / \ 10 g
g 400 N N
~ £ -5
7 *\_. Ve i}
) 7 3 il B 3 o 0
- / N
. '-‘_ “y o 15 30 45 60 75 90 105 120 135 150
Z, mm
Monopole (m) =—Dipole (d) CQuadrupcle (q)

(on-axis) (1 mm off-axis) (Imm off-axis)

rad, mm ————

The coupler gives rise to amonopole (and higher order multipole) componentin the endcells
For 2.55 MV dipole kick, the corresponding monopole kick is 62 kV which is unwanted

Rotating the couplers by 180 deg reduces the monopole kick to 8.7 kV but doesn’t cancel, as this component is
out of phase with the dipole

Small adjustment of the endcell length adjusts the beam phase which reduces the monopole kick to a few teps.Q

ﬁg ARD CERN May 2012 @N
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L;-.NCA_STER) \
With dummy waveguide - -

absEz x r in endcell for 1 W oo Multipole components y
£ 1600 g
” / .
o 1200 I 6 ‘:;r
o) ST RAR AN -
o \ £
?E'Ju 400 Al il 5
/A \\ JARL

o 15 30 45 60 75 S0 105 120 135 150

Z, mm
\ /
\\ / Monopole (m] =———Dipole (d) Quadrupocle (qg)
\ (on-axis) (2 mm off-axis) (1Imm off-axis)

LLLLLL

Dummy waveguide reduce the monopole component in the end cells by about 3 times

The dummy guide width can be fine adjusted for phase adjustment of the monopole to
reduce the kick voltage to a few 10s of volts

As the present prototype doesn’t see a beam, we chose not to use the dummy guide

W CARD CERN May 2012 @
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Parameters for un-damped prototype

Drawings done at CERN and manufacture IS

progressing at VDL

ER e

L%NCHSTER} \

Mode (rad, GHz) 2n/3, 11.9942
Qcu 6247
Group vel, %c -2.90
Fill time, ns 11.50
Attenuation, 0.69
Nep/m
Kick (MV) 2.56
Peak power
(MW) 13.35
Esurf (MV/m) 103
348 (regular cell),
Hsurf (kA/m)
207 (coupler slot)
26 (regular cell),
AT (K) (reg )
10 (coupler slot)
S¢ (W/um?) 3.32

.-"""'::'p
N
Number of cells 12
Total length (mm) 149.984
Active length (mm) 99.984
Vertical size (mm) 59.354

CERN May 2012
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The, Qggkeroft Insiuts Cavity tuning -

* Pins attached at 45 deg to the racetrack cell will help frequency tuning

* Field measurement using bead pull followed by non-resonant perturbation L
technique will help matching the structure in a few iterations

AS]_]_:Sllp_Sllu = _jO)kFZ/ZPin

Pin=input power

Sy Pu=perturbed/unperturbed complex reflection coefficient at input coupler X;?? |2 (ﬁ:\\,f
F=Field quantity perturbed by the bead D' _Z
— Regular cell
Beadpull simulation with metallic disk, 1.5 mm dia, 0.5 mm thickness g ;

Complex ASy;

[EEEERT

mgid=1 1)

] |ASq1|x bead pos

rani{d5 1}

.!ﬂdm.icrl.m .

F « TKhabiboulline, A new tuning method for travelling wave structures, PAC95
EUCARD . shietal, Tuning of CLIC accelerating structure prototypes at CERN, LINACEBRN May 2012
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Summary — -

Cavity development/testing
» Awaiting gradient tests of a cell design excited in a dipole mode at SLAC.

« Ongoing manufacture of a multi-cell un-damped cavity for high power tests at CERN.
« Ongoing design of a multi-cell damped cavity.

RF distribution system development
» Ongoing design/manufacturing of measurement sampling electronics.

» Experiments to understand stability of the RF distribution system presented.
* R&D as necessary to improve stability of RF distribution system presented.

//E:J—(E ARD CERN May 2012 @N



