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Abstract

A 1/2-1-1/2 cell normal-conducting 1.3-GHz deflecting

cavity was recently installed at the Argonne Wakefield

Accelerator. The cavity will eventually be included in a

transverse-to-longitudinal phase space exchanger that will

eventually be used to shape the current profile of AWA

electron bunches in support of dielectric wakefield exper-

iments with enhanced transformer ratio. In this paper we

report on the initial commissioning of the deflecting cavity

including rf-conditioning and beam-based measurement of

the deflecting strength.

INTRODUCTION

Deflecting cavities have found an increasing number of

applications in accelerators including particle-species sepa-

ration [1], beam switchyards [2] , longitudinal phase space

characterization [3, 4, 5] and advanced phase space ma-

nipulations [6, 7]. At the Argonne Wakefield Accelera-

tor (AWA) [8] plans are underway to develop a transverse-

to-longitudinal phase-space-exchanger (PEX) beamline [9,

10] and explore its applications to enhance the perfor-

mances of collinear beam-driven dielectric-wakefield ac-

celeration. Ultimately, this PEX beamline will be used to

tailor the current profile of the drive bunch in order to max-

imize the transformer ratio [11, 12, 13].

A possible configuration for a PEX beamline consists of

a transverse-deflecting cavity (TDC) flanked by two disper-

sive sections arranged as doglegs [9, 10, 14]. The TDC is

nominally operated at the zero-crossing phase of the field

so that the head and tail of the bunch are subject to op-

posite transverse momentum kicks. The induced shearing

and dispersion occur in the same plane (taken to be the

horizontal plane henceforth). The TM110-like TDC oper-

ates at 1.3 GHz and consists of 1/2-1-1/2 cells; see Fig. 1.

The choice of the TDC cells geometry was motivated by

the minimization of the beam’s centroid motion at zero-

crossing operation [15].
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Figure 1: Geometry (a) and picture (b) of the 1.3-GHz

TM110-like TDC. The superimposed false-color pattern

represents the value of the Ez field in the (x = 0, y, z)

plane (the blue and red colors respectively correspond to

the maximum and minimum values of the field).

EXPERIMENTAL SETUP
As a first step toward building the PEX beamline, only

the upstream dogleg and a transverse deflecting cavity

(TDC) were installed [17]. The TDC was oriented to de-

flect (and/or shear) the beam along the vertical direction

while the dogleg disperses the beam horizontally. This

setup provides a single-shot LPS diagnostic while enabling

the commissioning and characterization of the key com-

ponents necessary for the PEX beamline; see Fig. 2. The

main diagnostics used for the results presented below is a

Cerium-dopped Yttrium Aluminum Garnet (YAG) screen

located at a distance L = 0.63 m downstream of the TDC’s

center.

The cavity was powered with a newly commissioned 30-

MW klystron (klystron 2) while the other AWA radiofre-

quency (rf) components (the rf gun and one pi/2 18-cell

booster cavity) were powered with the nominal 25-MW

klystron (klystron 1). For the set of measurements re-

ported below, the beam energy and charge were respec-

tively E � 14.6 MeV and ∼ 1 nC.

CAVITY CHARACTERIZATION
Electromagnetic simulations of the cavity carried with

CST MICROWAVE STUDIO [18], indicate that the deflect-

ing voltage V⊥ (in MV) scales with the input power P (in

MW) as

V⊥ = 3.4× (P/4.2)1/2. (1)
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Figure 2: Overview of the experimental setup and asso-

ciated radiofrequency distribution system. PSL, PS1 and

PS2 are variable phase shifters. AS1 is a variable power

splitter. The YAG scintillating screen is the main diagnos-

tic used for characterizing the transverse-deflecting cavity

(TDC).

For beam dynamics consideration, the deflecting cavity op-

erating at zero crossing is often characterized by its nor-

malized deflecting strength κ ≡ eV⊥
pc

2π
λ where e, c, p and λ

are respectively the electronic charge, the light velocity, the

beam mean momentum and the wavelength of the deflect-

ing mode. In the thin-lens approximation the divergence

Δy′ and fractional momentum Δδ changes due to the TDC

operated at the zero-crossing phase are related to the ini-

tial longitudinal z0 and vertical y0 position referenced with

respect to the bunch’s barycenter via

Δy′ = κz0 , and Δδ = κy0.

For the initially intended location of PEX beamline (at

∼ 15 MeV), a value of κ � 3 m−1 was required.

During the rf commissioning, the TDC was powered

with forward power exceeding 4 MW without significant

processing time. Such a forward power corresponds to a

maximum deflecting voltage V̂⊥ = 3.3 MV which would

result in κ � 6 m−1 at 15 MeV, a value exceeding our

requirement.

A first set of beam-based characterization of the TDC

explored the induced vertical deflection impressed on the

beam as the phase shifter PS2 is varied. The beam posi-

tion on the downstream YAG screen is expected to vary as

Δy = L eV⊥
pc sin(φ− φ0), where L is the distance from the

TDC center to YAG screen and φ0 the zero-crossing phase.

The measurement confirms this dependency as shown in

Fig. 3. This measurement use a klystron 2 forward power

of � 130 kW to insure the beam remains within the YAG

screen aperture for the maximal induced deflection.

For most of the anticipated applications of the TDC

at AWA, longitudinal-phase-space diagnostics and phase

space manipulation, the TDC will be operated at the zero-

crossing phase thereby resulting in shearing of the beam

without a net deflection of the beam’s centroid. We there-

fore performed beam-based measurement of the normal-
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Figure 3: Observed displacement (blue circle with error-

bars) on the YAG screen as a function of PS2 phase shift.

The zero-crossing phases are located at φ0,n = (−23.5 +
180n)◦ where n = 1, 2, 3.... The forward power was set to

P � 130 kW. The dashed line is the result of a data fit to a

A sin(φ) function.

−20 0 20

−5

0

5

φ−φ
0
 (deg)

Δ
y 

(m
m

)
(a)

−10 0 10

−10

0

10

Δz
0
 (mm)

Δ
y′

 (
m

r)

(b)

Figure 4: Measured vertical position as function of PS2

phase change around the zero-crossing phase (φ0) (a) and

associated deflection Δy′ ≡ Δy/L as a function of longi-

tudinal position change (b). The dashed line represents a

linear regression of the data and its slope provide the nor-

malized deflecting kick (here |κ| = 0.72 m−1). The for-

ward power is P = 20 kW.

ized deflecting strength as follows. One of the zero-

crossing phases φ0 is first found, the phase shifter PS2 is

then varied around φ0, typically φ ∈ [φ0 − 20◦, φ0 + 20◦],
and the associated beam vertical positions are recorded.

For such a small phase variations the change in vertical

position writes Δy � L eV⊥
pc (φ − φ0) � κLz0 where

z0 ≡ λ(φ − φ0)/(2π) is the longitudinal position at the

TDC entrance. Therefore the measurement of Δy for a

known variation of φ around φ0 along with the knowledge

of the beam’s energy provides an indirect measurement of

κ.

The sequence of measurement and data analysis per-

formed for a 20-kW forward power appears in Fig. 4 and

a summary of the measured κ values for different forward

powers is compared to the simulations in Fig. 5. The mea-

surements are in reasonable agreement with the expected

scaling law especially given the large uncertainty on the

forward power measurement.
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Figure 5: Measured normalized deflecting strength κ as

a function of klystron 2 forward power. The dashed line

corresponds to the simulation scaling obtained from MI-

CROWAVE STUDIO.

Finally, the TDC was used to carry single-shot longitu-

dinal phase space measurements. Unfortunately our exper-

iment was limited by the rather long bunch (∼ 2 mm for

∼ 1 nC) which prevented us from using large deflecting

strength without having a large fraction of the beam popu-

lation outside the YAG aperture; see Ref. [17] for details.

OUTLOOK
Since our experiments and initial plan for installation of

a PEX beamline at AWA, the facility was upgraded and will

eventually produce a 70-MeV beam. It is therefore relevant

to discuss whether the cavity commissioned using a 14.6-

MeV beam can be used in a possible PEX beamline design

at 70-MeV. In a PEX beamline a full phase space exchange

require the dispersion function η at the TDC location to

satisfy

κ = −1/η. (2)

Figure 6 displays the required input power as a function

of the dispersion at the cavity location for two beam ener-

gies (15 MeV and 70 MeV). The cavity was conditioned

for input powers in excess of ∼ 4 MW so we constraint

the input power to a maximum value of 5 MW. Although,

the TDC cavity can most probably operate at higher pow-

ers, the 5-MW value is driven by the available rf power

and its sharing with other critical components. Given this

limitation, the scaling provided by Eq. 1, and the required

condition for full phase-space exchange Eq. 2, dispersion

values larger than ∼ 0.7 m are needed at the cavity loca-

tion. It should finally be pointed out that the required dis-

persion constrains the maximum tolerable total rms frac-

tional momentum spread for the drive bunch to be limited

to σδ ≤ λ
2πη . As an example, a large dispersion value of

∼ 1 m, would limit σδ ≤ 4 % and particles with fractional

momentum offset beyond this limit would experience non-

linear effects in the cavity due to the non-uniformity of the

transverse magnetic field for large offsets and correspond-

ing nonlinear variation of the axial electric field.

The design of PEX beamline with dipole magnets with

moderate bending angles (∼ 20◦) providing an enhanced

dispersion value at the cavity location have been explored.

The two investigated configuration, dogleg- and chicane-

based PEXs, can accommodate the TDC with perfor-

mances described in this paper.
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Figure 6: Required power as a function of dispersion at the

cavity location for 15 (red) and 70-MeV (blue) beam en-

ergies. The data point (black error bar) is obtained from a

measurement done at 14.6 MeV at AWA. The green hori-

zontal line delineates the 5-MW limit on input power.
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