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Transverse Kicks

The force on an electron is given by

F=e(E+vxB)

If an electron is travelling in the z direction and we want
to kick it in the x direction we can do so with either

— An electric field directed in x

— A magnetic field directed in y

As we can only get transverse fields on axis with fields
that vary with Differential Bessel functions of the 15t kind
only modes of type TM,,, or TE,,, can kick electrons on
axis.

We call these modes dipole modes
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Panofsky-WenzeI Theorem

jdz %)+cB(z,%) _—cj'dzjdt V.E,(z.t))

ty

As the electrons have a large longitudinal energy we can approximate the
kick from the magnetic field as equivalent to an electric field of magnitude

E=cB. Hence we can define a transverse voltage

V, :Idz(EL(z,%)jtcB(Z,%))

L %
V, =—c[dz[dt(V,E
0t

ic mV,

V, ———jszlEz 2,%) ~ - ——

This means the transverse voltage is given by the rate of change of the

Lancs Iongltudlnal voltage (for particles travelling close to c).
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Single-cell crab cavity
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Mode Polarisation

« Dipole modes have a distinct polarisation ie the field points in a
given direction and the kick is in one plane.

* Ina cylindrically symmetric cavity this polarisation could take any
angle.

* |In order to set the polarisation we make the cavity slightly
asymmetric.

« This will set up two dipole modes in the cavity each at 90 degrees to
each other.

One mode will be
the operating mode,
the other is refered
to as the same order
mode (SOM) and is
unwanted.
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Lower and Higher Order Modes

TMo10 _ Higher order modes
accelerating mode P >
Need to extract the TMy;0, (SOM)
fundamental mode TM,yy;, (HOM)
; -
As we are not using the fundamental : frequency

accelerating mode, this mode

becomes a source of instability. As
its frequency is lower than the dipole

modes we call it the lower order
mode (LOM).
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Particle Separators

« The earliest use of transverse deflecting cavities were
particle separators. There are two different schemes for its
use. Can separate out different particle species in a bunch
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Peak Fields
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Multipacting

CST-PS simulations clearly
show that the multipactor in
the iris is directly linked to
the cyclotron frequency.

MP always peaks at 57 mT
at 3.9 GHz and increases
proportional to frequency.

Hence low magnetic field
structures suppress
multipactor. This means that
lower frequency cavities are
more likely to multipact as a
lower magnetic field is
required to have the
cyclotron frequency double
0 0.02 0.04 0.06 0.08 0.1 the RF frequency.
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CERN-Karlsruhe cavity [1970]
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The CERN-Karlsruhe separator was one of the
1st Nb cavities constructed.

The cavity uses a standing wave n/2 mode to
avoid e-beam welds in high field regions
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KEK-B Crab cavity (1991-2009)
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* More recently there has been a lot of
attention paid to the KEKB crab
cavities.

* These 508.9 MHz single cell Nb
cavities operate at 1.44 MV

of Accelerator Science and Technology

anien



ILC-CC Design

Based on the FNAL CKM Cavity

Input Coupler

HOM Coupler

Beam-pipe radius = 18mm
Cavity iris radius = 15mm
Equator Radius = 47.37mm

Designed for 5 MV/m @
3.9 GHz but should be
capable of 7 MV/m
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Enax 16.6 MV/m
U 02517
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Squashed to give >10 MHz
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Travelling wave Cavities

* Like accelerating cavities we can also use travelling
wave deflecting cavities.

« These can have more cells per cavity and fill faster.
 The down side is they require more peak RF power.

* Most diagnostic cavities and fast separators are
travelling wave to take advantage of fast filling times.
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CERN RF Separators & SLAC LOLA

 Montague Jan 1965 &
Loew 1965

 Bernard and Lengler
1969

« 21/3 2855 MHz

The first RF deflectors
were all travelling wave
structures with a phase
advance of 120 degrees.

RF Input
Coupler

Irises with

mode-locking

o | F They generally had a
large number of cells.
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CLIC Crab Cavity Design
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Backward wave
E-field

Property CLIC T24 LCLS CLIC Crab
(unloaded) | deflector | (un-damped)
Input 37.2 MW 20 MW 13.35 MW
Power
9| Gradient 100 MV/m 22 MV/m 24 MV/m
| (tested to 40
MV/m)
Peak surf. 219 MV/m | 115 MV/m 88.8 MV/m
E-field
Peak surf. 410 kA/m 405 kA/m 292 kA/m
H-field
Peak Sc [3] 3.4 - 1.83 MW/mm?
MW/mm?
Group 1.8-0.9%c -3.2%c -2.9%c
Velocity
# Cells 24 117 12

CLIC crab achieves a much higher transverse gradient

than the ILC cavity, and at a frequency that’s 3 times

higher (order of mag higher frequency gradient
¢> product), but aperture is only 10 mm.
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SCRF vs NCRF crabs

 Normal conducting crab require a huge
peak power (ten’s of MW)

* Average power is limited to about 2-4
kKW/m in a normal conducting linac

* This means NCRF cavities need to be
pulsed with duty cycles less that 104

« SCRF crabs on the other hand can run
CW
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CEBAF Cavity (1993)

CEBAF currently uses a
compact normal conducting
separator.

It operates using the TEM
mode of four parallel rods
(two sets of two co-linear
rods).

To provide the transverse
deflection a capacitive gap is
placed between the two co-
linear rods

30 cm diameter at 500 MHz
Gradient is below 1 MV/m

] |

=
—
Al

"
—
‘i?; :
: e
v
g 1 \ '.,
By LS
e
k|

-----




What about compact crabs?

« Lower peak magnetic fields than the 3.9 GHz elliptical (10 MV/m may be
possible)

« Higher Epk but very low in both cases

« But as they are compact they are limited in aperture at high frequencies,
not ideal for a separator
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frequency 13 3.9

0.000 mm

Plane (Plot) 4.24583e+07 V/im
0.000, -18336, 30.265 mm
4.76916e+07 V/im

R/Q Y 81.7428] 235

Max. p n -17.362, 18.480, 28482 mm

Epk at 5 MV/m 23.69793 16.6

Hpk at 5 MV/m 54.98273 73
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Aperture limitations
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Improved ILC Design

V/m

« Aracetrack cross- 8.936+07

section seems to
reduce the peak
magnetic field for a
given gradient

« Gradientis 8.5 MV/m
for a Bpeak of 100 mT
with a 30 mm aperture
at 3.9 GHz but is still
being optimized.

« Work is ongoing for ILC
prelab
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Summary

* The frequency-gradient product Is

frequency independent above 3 GHz for a
30 mm aperture

* ILC 3.9 GHz is about optimum for a 30
mm aperture if SCRF Is preferred

 NCRF can achieve frequency-gradient
prducts almost an order of magnitude
higher but only at low duty cycles
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