TERAHERTZ DIAGNOSTIC FOR THE ADVANCED
PHOTON SOURCE PARTICLE ACCUMULATOR RING

WEPPO03

K. P. Wootton, W. J. Berg, S.-H. Lee, N. S. Sereno, J. L. Steinmann’, Argonne National Laboratory, Lemont, IL 60439, USA
1 also at Karlsruhe Institute of Technology, Karlsruhe, Germany

ABSTRACT

= For the Advanced Photon
Source Upgrade, we require
accumulation of charge in a
single bunch up to 20 nC [1].

synchrotron radiation (CSR) is
dependent on the longitudinal
bunch profile.
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THEORY

= Chosen spatial separation of the
terahertz and optical frequencies
because of the different opening
angles of synchrotron radiation.

Figure 1: Simulated longitudinal impedance due to
synchrotron radiation for an electron between two
infinite, conducting, parallel plates in a PAR dipole.
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APPARATUS FEATURES

= [n-vacuum mirror assembly and transmission * Focussing of Terahertz Radiation at Detector
viewport to direct terahertz radiation to a — A magnification of 0.3 leads to a focus point
suitable terahertz detector system. 0.3 m after the mirror. This is achieved by a
focal length of 231 mm. The focal length
requires a horizontal radius R;, = 653 mm
and vertical radius of R,, = 326 mm.
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= Detector

— At this initial proof-of-principle stage, the
bandwidth of the detector system should be
at the frequency where the highest flux is
expected.

— While the emitted power at the lower
frequencies is expected to be higher,
terahertz beam transport is more efficient
for higher frequencies.

— The detector architecture is summarised
schematically in Fig. 5 below.
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Figure 2: Schematic of terahertz diagnostic apparatus in the APS
PAR. Implementation is limited to the replacement of a single spool
piece that is part of the existing PAR photon monitor vacuum
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chamber replaces a spool piece on
the optical photon monitor of the
PAR. (a) Mirror assembly. A toroidal
mirror is used to reflect terahertz
radiation out of the quartz crystal
mirror, where a detector is
positioned. The fixed toroidal mirror
has a clear aperture centered on the
axis of the optical path to allow
simultaneous transmission of the
visible SR light through the chamber
to the existing PAR photon monitor.
(b) Bellows. (c) Stainless steel
chamber weldment. (d) Optical
viewport. (e) Quartz crystal window.
(f) Al breadboard and optical posts.

source). (a) Spatial =
distribution of synchrotron
radiation at 1 THz frequency.
(b) Spatial distribution of
optical synchrotron radiation
at 500 nm wavelength.
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* Transparency of Terahertz Window
— Frequency range of interest 50-2000 GHz.
— Single crystal SiO, (quartz) window.
— A z-cut orientation is specified to maintain
the polarization of the beam in the presence
of a birefringent quartz window.

= Detector Signal Amplification
— The detector amplifier should not degrade
the analog performance of the detector and
should be sufficiently fast to observe the
bunchlets from the linac.
— Requires at minimum a frequency of 3 GHz.

SUMMARY ACKNOWLEDGEMENTS REFERENCES

= A sub-terahertz beamline has been designed, Work supported by the U.S. Department of [1] T.E. Fornek, “Advanced Photon Source Upgrade
and is in the process of fabrication and Energy, Office of Science, Office of Basic Project Final Design Report”, Argonne National
installation in the PAR ring at the APS. This Energy Sciences, under Contract No. DE-AC02- Laboratory, Lemont, IL, USA, Rep. APSU-2.01-RPT-
beamline could be used as a diagnostic for 06CH11357. 003, May 2019.

. e . 21 W.D. Duncan and G.P. Williams, Appl. Opt., vol. 22,
beam instabillities in the PAR r'ng. The submitted manuscript has been created by UChicago Argonne, LLC, 2] PP P

_ Operator of Argonne National Laboratory (“Argonne”). Argonne, a U.S. PP. 291 4_2_923 (1 9§3)_' _
= Beyond the use of CSR for the detection of Department of Energy Office of Science Laboratory, is operated under [3] J.L. Steinmann, “Diagnostics of Short Electron
microbunching instabilities, CSR is also a

Contract No. DE-AC02-06CH11357. The U.S. Government retains for itself, Bunches with THz Detectors in Particle Accelerators”,
useful source of infrared radiation.

and others acting on its behalf, a paid-up nonexclusive, irrevocable : :
worldwide license in said article to reproduce, prepare derivative works, Ph.D. TheSIS, Karlsruhe Institute of Technology,
Karlsruhe, Germany, 2019.

distribute copies to the public, and perform publicly and display publicly, by or
on behalf of the Government. The Department of Energy will provide public [4] O. Chubar and P. Elleaume. in EPAC’98. 1998 op
1177-1179.

access to these results of federally sponsored research in accordance with

the DOE Public Access Plan. http://energy.gov/downloads/doe-public-access-
Karlsruher Institut fir Technologie NATIONAL LABORATORY

plan

U.S. DEPARTMENT OF

=
Lo
=
=
-,
L
)
ES L

Argonne National Laboratory is a
U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.

79

1946-2021




