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Abstract

Two parallel corrugated plates will be installed at the
KIT storage ring KARA (KArlsruhe Research Accelerator).
This impedance manipulation structure will be used to study
and eventually control the beam dynamics and the emitted
coherent synchrotron radiation (CSR). In this contribution,
we present the influence of the parameters of the structure
on its impedance and the results obtained with the Vlasov-
Fokker-Planck solver Inovesa showing the impedance impact
of different corrugated structures on the CSR power.

INTRODUCTION

In contrast to incoherent radiation, CSR scales quadrati-
cally with the number of particles and therefore enhances
the photon flux by several orders of magnitudes. As the
emission is coherent for wavelengths larger than the bunch
length, high electron density and short bunches are neces-
sary to extend CSR to higher frequencies and to increase the
intensity of the radiation. In such short bunch regimes com-
plex nonlinear phenomena can occur due to the interaction
between the passing bunch and its emitted CSR. This results
in dynamic instabilities and bunch deformations like the
so-called microbunching instability [1]. This instability can
cause longitudinal substructures on the bunches generating
intense THz radiation.

At KIT, we are developing and designing a versatile
impedance chamber for the KARA storage ring to study
the microbunching instability by manipulating the wakefield
and thereby affecting the longitudinal beam dynamics of
the electrons. The additional impedance and the resulting
wakefield change will be generated by two horizontal paral-
lel plates with periodic rectangular corrugations. Although
Bane et al. [2,3] showed that narrow-band THz pulses can
be generated by installing such structure into a linear ac-
celerator, to our knowledge such a structure has never been
installed into a storage ring, where the electrons pass the
structure multiple times. In Fig. 1, a schematic drawing with
the characteristic parameters periodic length L, corrugation
depth & and corrugation width g, as well as the plate distance
2b is given. The theoretical longitudinal impedance Z! for
parallel corrugated plates is given by Ng ef al. [4] under the
assumptions L < h < b as

ZV Zge 5 oy L k
Z = b2 ﬁkresé (k - kres) +i-PV. kz——kr%s
with the resonance wave number k., = % , wave number
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Figure 1: The corrugated plates in cross section with the rel-
evant geometric parameters are shown. The electron bunch
is indicated in blue.

k = %, the vacuum impedance Z,,. , the §-distribution, and
principal value P.V.(x).

Previous impedance simulations with CST Studio [5] have
shown how the parameters of the structure influence the
impedance and that the results are in good agreement with
the theoretical prediction [6]. The impedance can be de-
scribed by the resonator model [7], which is characterized
by the three parameters resonance frequency fq,, the shunt
impedance Z,, and the quality factor Q.

The resonance frequency of the investigated impedance
is in the range between 50 GHz and 200 GHz, where a frac-
tion of the CSR impedance is shielded by the beam pipe
and therefore an additional impedance with Zy=1kQQ has a
significant contribution to the total impedance of the KARA
storage ring.

SIMULATION

For the beam dynamics simulations Inovesa [8], an
in-house developed Vlasov-Fokker-Planck solver, is used,
which describes the micro-bunching instability at the KARA
storage ring [9] very well. For the results presented in this
contribution, the settings were chosen so that they are com-
parable to the KARA short-bunch operation mode with syn-
chrotron frequency fiyn,. = 9.44kHz and the acceleration
voltage Vgr = 1.048 MV at a beam energy of E = 1.3 GeV.

For modeling the storage ring impedance the dominating
CSR parallel plate impedance is used [10], which already
has proven to govern the microbunching instability [9,11] for
KARA. The additional impedance of the corrugated plates is
modelled by the resonator model with its parameters f,., Zg,
Q. The impedance simulation for the corrugated structure
has shown [6], that a quality factor O = 3 and a shunt
impedance Z, = 1k are suitable for a structure length
of 20 cm, which is the maximum space available along the
beampipe in KARA. As long as it is not explicitly mentioned,
these values are used for the Inovesa simulations.

Above the threshold current I, of the microbunching
instability the first fluctuations of the CSR intensity occur.
Therefore, the behaviour of the standard deviation (STD) of
the CSR emission as function of the bunch current indicates
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Figure 2: Fluctuation power at the bursting frequency f;,.; for additional corrugation impedances with different resonance
frequencies f., and fixed shunt impedance Z; = 1 k£ and quality factor O = 3 at a beam current below (left) and above
(right) the unperturbed bursting threshold. The red dashed line indicates the intensity without the additional impedance.

the threshold current, because it increases drastically above
the instability threshold, so a kink at the threshold current is
visible [12]. However, certain additional impedances change
the beam dynamics in such a way, that the bursting threshold
cannot be determined properly by this method. Alternatively,
since the fluctuation power at the bursting frequency - the
main frequency in the intensity fluctuations of the CSR dur-
ing the microbunching instability - is drastically reduced in
amplitude below the threshold current, this parameter, which
is closely related to the STD of the CSR intensity, can be
used to determine the threshold current. For the case con-
sidered here both methods come to the same results for the
threshold current (1, = 226 nA) and the bursting frequency
at the threshold (fi,,;« = 34.6 kHz) for the simulation setting
without additional impedance.

IMPEDANCE SCAN

For the design of the corrugated structure it is of great
interest how the microbunching instability is affected by an
additional impedance. For this purpose two currents, one
slightly above (I 0y = 228 HA) and one below (lyejow =
221 pA) the unperturbed threshold current, have been cho-
sen to simulate the beam dynamics and the temporal de-
velopment of the emitted radiation intensity for different
additional corrugation impedances with varying resonance
frequencies. The Fourier transform of the simulated emit-
ted CSR shows the fluctuation frequency of the radiation
and therefore points out the dominant frequencies of the mi-
crobunching. In Fig. 2, the fluctuation power at the bursting
frequency corresponding to the maximum intensity is dis-
played as a function of the additional impedance resonance
frequency for the two above-mentioned currents.

For L1 = 221 pA, i.e., below the unperturbed threshold
current, there is no significant emitted CSR power without
an additional impedance (red dashed line). However, certain
impedances lead to a high power fluctuation that is compa-
rable to or even higher than the fluctuation power directly
above the unperturbed threshold but without an additional
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impedance. This is the case for an impedance resonance
frequency in a range from 85 GHz to 160 GHz. Here, the
bursting threshold is reduced to a value below I;¢,, causing
the instability to still occur at Ij,.1o. In contrast, a higher
or smaller resonance frequency does not seem to affect the
emitted CSR power and therefore does not reduce the thresh-
old current below /qjoy. For Lo = 228 pA, i.e., above
the unperturbed threshold current, the fluctuation power is
amplified for f., < 130 GHz, where the maximum increase
is at about f,. = 100 GHz and results in more than dou-
bling of the fluctuation power in comparison with no addi-
tional impedance. Here, higher resonance frequencies lead
to a reduction and above f,.; = 180 GHz even to a suppres-
sion of the fluctuation power, which means that the bursting
threshold current is increased above I, by these added
impedances.

THRESHOLD CURRENT & BURSTING
FREQUENCY

For a more detailed investigation, a current scan has been
simulated for two corrugation impedances. The ones cho-
sen, are the impedance that produces the maximum intensity
below and above the threshold (f,.,, = 110 GHz) and the
impedance with the lowest f,., to increase the threshold cur-
rent above L pove (fres = 180 GHz). The Fourier transform
of the emitted CSR power as a function of time is shown
for a certain current range in the spectrograms in Fig. 3,
in which the finger-like structure indicates the dynamics of

Table 1: Corrugation parameters for an additional impedance
with the shunt impedance Zy=1kQ and the quality factor

0=3

fres = 110GHz  f,., = 180 GHz

corrugation depth & 130 um 60 um
periodic length L 80 um 40 um
corrugation width g 40 um 20 um
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Figure 3: Color-coded power of the emission fluctuations for different bunch currents as a function of the fluctuation
frequency around the bursting frequency f;,.c Without and with additional corrugation impedances for two resonance
frequencies f;.,. The shunt impedance and quality factor of the impedance were fixed at Z, = 1k and quality factor Q = 3,
respectively. The horizontal white dashed line marks the start of the fluctuations due to the micro-bunching instability and
the vertical one the corresponding bursting frequency for the case with no corrugated structure (middle).

the microbunching instability directly above the threshold
current [11]. It can be seen, that the general shape of the
finger and hence the bursting behavior of the microbunching
is not substantially changed due to adding an impedance
with Z; = 1kQ. Nevertheless, the characteristic param-
eters of the bursting can be changed, notably the thresh-
old current and the bursting frequency. In the spectrogram
with the additional impedance of a corrugated structure with
fies = 110 GHz it can be verified that the threshold current
is reduced by 16 uA (7.1 %), whereas the bursting frequency
of the fingertip stays unchanged.

In contrast, an additional impedance with f,., = 180 GHz
causes a slight increase of the bursting threshold by 3 pA
(1.3 %). However, this additional impedance also increases
the bursting frequency by about 1.9 kHz, so that the lon-
gitudinal beam dynamics caused by the the instability are
slightly modified. In Fig. 4 the threshold current and the
bursting frequency at the fingertip are shown as a function
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Figure 4: Bursting threshold and frequency for different
shunt impedances Z,. An additional impedance with a reso-
nance frequency f;., = 110 GHz (red) decreases the thresh-
old current, whereas f;., = 180 GHz (blue) increases the
bursting frequency.
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of the shunt impedance Z; of the additional corrugation
impedance for the two different resonance frequencies con-
sidered in Fig. 3. It can be seen, that for each plot one of the
parameters scales nearly linearly with the shunt impedance,
whereas the respective other parameter does not significantly
change.

SUMMARY & OUTLOOK

It is planned to install a corrugated structure into the
KARA storage ring to study and manipulate the microbunch-
ing instability. Longitudinal beam dynamics and radiation
emission simulations with the Vlasov-Fokker-Planck solver
Inovesa showed that the resonance frequency of the addi-
tional impedance is the decisive parameter that determines
how the instability is influenced, while the shunt impedance
affects the intensity of the influence. By choosing the res-
onance frequency correctly, it is possible to either reduce
the threshold current and therefore emit intense THz radia-
tion at even lower bunch currents or to change the dominant
fluctuation frequency of the microbunching.

As a next step, beam dynamics simulations with different
machine settings will be carried out for understanding how
the impedance affects the beam dynamics for different ma-
chine settings. Furthermore, we will design and fabricate
the corrugated structures and the whole impedance manipu-
lation chamber for the KARA storage ring.
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