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Abstract

The Argonne Wakefield Accelerator (AWA) facility has
been devoting much effort to the fundamental R&D of two-
beam acceleration (TBA) technology with two parallel L-
band beam lines. Beginning from the 70 MeV drive beam
line, the high frequency (C-band and above) rf power is
extracted from the beam by a decelerating structure (a.k.a.
power extractor), transferred to an accelerating structure in
the witness beam line, and used to accelerate the 15 MeV
main beam. These high frequency accelerating structures
usually have a small aperture to obtain high gradient and
high efficiency, making it difficult for the low energy main
beam to pass. To address this issue, one proposal is to in-
crease the main beam energy to above 30 MeV by replac-
ing the current witness linac. A 9-cell s-mode L-band
standing-wave accelerating structure has therefore been de-
signed to meet the high shunt impedance and low cost re-
quirements. In addition, the single-feed coupling cell has
been optimized with additional symmetrical ports to elimi-
nate field distortion. The detailed design of the new accel-
erating structure will be presented in this paper.

INTRODUCTION

TBA is an approach to the structure-based wakefield ac-
celeration which may meet the luminosity, efficiency, and
cost requirements of future linear colliders [1]. The AWA
facility is a flexible, state-of-art linear collider testbed, aim-
ing to demonstrate ~GW rf power generation from the drive
beam, >300 MeV/m gradient acceleration of the main beam,
and >15% wall-to-beam efficiency in TBA and staging. To
date, with the unique high-current 70 MeV drive beam
line, the AWA facility has successfully achieved 300 MW
rf power generation/ 150 MeV/m acceleration TBA and
70 MeV/m staging with X-band metallic structures [2],
55 MW rf power generation/ 28 MeV/m acceleration TBA
with K-band dielectric structures, and 105 MW rf power
generation with a K-band dielectric power extractor [3].
More TBA activities, such as the full staging with metallic
structures [4] and the high efficiency TBA with dielectric
disk accelerators [5], are also under investigation at AWA.

Transmitting the main beam through the high fre-
quency high impedance accelerators with small apertures
(<¢10 mm) is one of the major challenges for TBA experi-
mental research at AWA. Limited by the low main beam en-
ergy of 15 MeV, the transmission is usually lower than 40%
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and the spectrum information can only be partly revealed.
Currently, the main beam is generated in an L-band 1.6-cell
photocathode gun (10 MW input power) and accelerated by
a low-impedance standing-wave linac (5 MW input power).
One solution is to replace the linac with two new designed
ones and to raise the input power for the witness beam line.
The upgraded beam energy will reach 30 MeV, which will
not only improve the transmission of the main beam, but
also introduce new opportunities to TBA research at AWA,
such as heavy beam-loading study together with the emit-
tance exchange technology [6]. The main requirements of
the new linac include high impedance, low cost, and suffi-
cient mode separation. In addition, symmetrical coupling
cell is favored to preserve the main beam quality.

LINACS AT AWA

The current 19-cell witness linac was originally in the
drive beam line before the AWA’s upgrade in 2014. It ap-
plies o7 /2 mode design in which only half of the cells are
used to efficiently accelerate the beam, causing low shunt
impedance of the whole tube. In the upgrade, six new 7-cell
standing-wave linacs, optimized for high-current operation,
have been installed in the drive beam line to boost the drive
beam energy to 70 MeV [7]. The new drive linac adopts i
mode design and its shunt impedance is ~60% higher than
the witness one. The cross sections of the linacs are illus-
trated in Fig. 1 and the detailed parameter comparison is
listed in Table 1.

Figure 1: The 2D section view and the electric field distribu-
tion of the structures. The red arrow indicates the coupling
cell. (a) The witness linac; (b) The drive linac.

SINGLE CELL DESIGN

The 7 mode drive linac is a good reference for the de-
sign in terms of high shunt impedance, low cost, and high
mode separation. The drive linac has been optimized for the
high-current bunch train operation with heavy beam load-
ing which is much less prominent in the main beam. There-
fore, the shunt impedance can be further improved by ad-
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S justing disk thickness and iris diameter. In addition, the rf
5 pulse rise time can be as slow as us by adjusting the low
= .
Z level rf system so a smaller mode separation of ~10 MHz
is adequate for the new witness linac.
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§Table 1: Comparison Between the Vurrent Witness and
£Drive Linac

B
i) Witness  Drive
= Total cell length (mm) 1036 807
E Iris diameter (mm) 101.6 92.0
£ Disk thickness (mm) 5.02 32.76
2 Cell coupling (%) 18.85 4.23
§ Neighbor mode 45 /9 277 /3!
§ Mode separation (MHz) 21.5 14.1
E Single cell quality factor 18760 25220
E  Single cell r/Q (kQ/m) 1.16 0.77
; Single cell impedance (MQ) 1.26 2.25
£ Whole tube impedance (MQ) 9.98 15.70
£ Input power (MW) 5 10
% Energy gain MeV) 7.06 12.53
£  Number of bunch per rf pulse 1 1-32
"é Charge per bunch (nC) 0.05-12  10-100
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= Figure 2: Structure performance with various single cell de-
£ signs and cell numbers. The blue, the red, and the black line
3 correspond to the 7-cell, 9-cell, and 11-cell structure. The
§ square, the circle, and the triangle curve correspond to the
—i iris diameter of 100 mm, 90 mm, and 80 mm. The green
g arrow indicates the selected parameters. (a) The unloaded
—g energy gain with 5 MW input power; (b) The mode separa-
E tion between s mode and the neighbor one.
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£ ! Due to the symmetry of the field distribution along axis in the drive linac,
the 577 /6 mode would not be excited.

2 Typical charge for TBA research. A maximum charge of 60 nC per bunch
is achievable for other studies.
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To improve the energy gain, structures with 7, 9, and 11
cells have been investigated during the optimization, as il-
lustrated in Fig. 2. After comparison, a 9-cell structure with
a disk thickness of 10 mm and an iris diameter of 80 mm
has been selected for the new design.

WHOLE TUBE DESIGN

Same as the current drive linac, the new witness linac
will be driven from the middle cell by a z-slot single port.
To preserve the main beam quality from field distortion, the
coupling cell has been improved from the ones in the cur-
rent witness and drive linacs by adding more ports to obtain
symmetrical boundary condition [8], as illustrated in Fig. 3.

waveguide adapted to WR650

rf input port

addition symmetrical port

Figure 3: 3D model of the new witness linac in the simula-
tion with CST Microwave Studio.

Dimensions of the additional ports are slight different
from the rf input port to fully suppress the dipole and
quadrupole field. The magnetic field distribution along the
¢ direction at 10 mm off-axis at the center of the mid-
dle cell is illustrated in Fig. 4, from where the dipole and
quadrupole field components can be derived by the Fourier
transform. Their relative strength to the monopole field is
listed in Table 2. The 4-port structure has been selected for
the new witness linac design.

Table 2: Relative Strength of the Multipole Field Compo-
nents

Dipole field Quadrupole field

l-port  1.28x107! 2.73x1072
2-port  7.49x1073 5.59x102
4-port  4.23x1073 3.99x1074

After optimization, the field balance of the middle seven
cells is 1; the field of the end cells is ~7% higher, as illus-
trated in Fig. 5. Due to the light beam loading, the coupling
factor is designed to be 1, as illustrated in Fig. 6.

The detailed parameters of the new designed witness
linac are summarized in Table 3. With the same input
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Figure 4: The magnetic field distribution along the ¢ direc-
tion at 10 mm off-axis at the center of the middle cell.
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Figure 5: The electric field distribution along the beam axis.
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Figure 6: S-parameter of the new witness linac.

power, the energy gain of the new designed witness linac is
~58% and ~26% higher than the current witness and drive
linac, respectively. When adopting two new designed linacs
and raising the input power for the witness beam line to
20 MW from the current level (15 MW), the main beam
energy will reach 30 MeV.

CONCLUSION

A 9-cell high-impedance s mode standing-wave linac
has been designed to replace the current witness linac at
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Table 3: Parameters of the New Witness Linac

Parameter value
Total cell length (mm) 1038
Iris diameter (mm) 80
Disk thickness (mm) 10
Cell coupling (%) 4.89
Neighbor mode 3 /4
Mode separation (MHz) 9.83
Single cell quality factor 27330
Single cell r/Q (kQ/m) 0.88
Single cell impedance (MQ) 2.78
Whole tube impedance (MQ) 24.79
Input power (MW) 5
Energy gain (MeV) 11.13
E,../Eo 2.9
Pulse heating (K, with 8 us pulse) <2

AWA to boost the main beam energy. Comparing with
the current witness linac, the new designed one has ~58%
higher energy gain while maintaining a low cost. Symmet-
rical design has been applied in the single-feed coupling
cell to significantly suppress the dipole and quadrupole field
components. Engineering design of the new witness linac
is ongoing at AWA.
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