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FLUTE - First beam 2018-05-03
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YAG screen monitor: First electrons! (2018-05-03) 
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FLUTE: Accelerator test facility at KIT

FLUTE (Ferninfrarot Linac- Und Test-Experiment)  
Test facility for accelerator physics within ARD 
Experiments with THz radiation 

R&D topics 
Serve as a test bench for new beam diagnostic methods and tools 
Systematic bunch compression and THz generation studies 
Develop single shot fs diagnostics 
Synchronization on a femtosecond level

!4

Final electron energy ~ 41 MeV

Electron bunch charge 0.001 - 3 nC

Electron bunch length 1 - 300 fs

Pulse repetition rate 10 Hz

THz E-Field strength up to 1.2 GV/m www.ibpt.kit.edu/flute 
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FLUTE Status
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First beam (gun section) ✔ 
Chicane dipole magnets have arrived ✔ 
RF-Power limited due to broken circulator - new circulator ordered  
Work in progress 

Assembly diagnostic after linac - started vacuum testing 
Chicane girder under construction 
Phase lock RF and laser 
Laser feedback and diagnostics  
Systematic beam characterization 

First ARIES user experiment:  
Split ring resonator 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Karlsruhe Research Accelerator (KARA)

User applications & accelerator test facility
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www.ibpt.kit.edu/kara

Circumference: 110.4 m 
Energy range: 0.5 - 2.5 GeV 
RF frequency: 500 MHz 
Revolution frequency: 2.715 MHz 
Beam current up to 200 mA 
RMS bunch length: 45 ps (for 2.5 GeV), 
down to a few ps (for 1.3 GeV)

http://www.ibpt.kit.edu/kara
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Installation activities

Installed and commissioned the SCU20 
Finished replacement of all corrector power supplies in the injector 

Straight forward for the booster and the Injection and Extraction line 
Complete recommissioning of the microton needed 

Service at the In-Vacuum Undulator 
Replaced leaking components 
Installed additional vacuum pumps to improve the vacuum 

Vacuum control PLC 
Started renewal of all control cables using distributed IO units  
Preparing the migration of the control into EPICS   

500 MHz Distribution 
New master oscillator 
Design of a new 500 MHz distribution
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Operation

Moved to a one injection per day scheme 
Vacuum and lifetimes improved continuously 
Study further methods to improve the lifetime  
➜ see Talk A. Mochihashi.
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Operation Issues

Issues with the personnel safety system 
Errors are not easy to debug due to missing diagnostic features 
Found faulty relay ➜ started discussion on new system for the storage ring 

Vertical corrector power supply (50V, 2A) failures 
No spare left - broken ones beyond repair  
Installed temporary ITEST BE2811 units with modified firmware  
Replacement of all corrector power supplies with ITEST BE2850 next spring 

Water interlocks 
Cooling circuit operates at limit 
Flow limitier are not working as intended:  
Flow drops over time due to pollution of the springs 

Cooling issue at CLIC damping ring wiggler 
HTS feed through was getting too warm 
After service of the CryoCooler temperature is fine again 

Summer thunder storms with heavy rain (60 l/m2 in 30 min)
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Microtron linac breakdown

Vented the microtron several time including taking out and in the linac 
Cleaning of the RF window and the linac with pressurized air 
Discussed several cleaning methods, which all could not be used 
Improved diagnostic 
Over one week of RF conditioning brought the power back to nominal 
Thank you for your support!
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15.03.18 24.04.18

RF  
break  
down

Images: S. Schott, M. Süpfle, A. Völker, M. Schuh, P. Wesolowski 
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KARA distributed sensor network

!11

05K16VKA

KAPTURE-2 inside PC

B. Kehrer et al, 10.1103/PhysRevAccelBeams.21.102803
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KALYPSO: EO measurement 
Monitoring effects at long time scales (3.6 s)
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determine 
mean bunch 
position  

G. Niehues et al, DOI:10.18429/JACoW-IPAC2018-WEPAL026 
S. Funkner et al, IRMMW-THz 2018
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KALYPSO: EO measurement 
Monitoring effects at long time scales (3.6 s)
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50 Hz 

FFT from 
9*106 data 
points 

frequency/Hz

G. Niehues et al,  
DOI:10.18429/JACoW-IPAC2018-WEPAL026 
S. Funkner et al, IRMMW-THz 2018 
S. Funkner et al, submitted to Peer-Review 
https://arxiv.org/abs/1809.07530.

Synchrotron frequency
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Influence of a damping wiggler on the micro-
bunching instability
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STUDIES OF THE MICRO-BUNCHING INSTABILITY IN THE

PRESENCE OF A DAMPING WIGGLER

M. Brosi∗, J. Gethmann†, A. Bernhard, B. Kehrer, A. Papash,
P. Schönfeldt, P. Schreiber, J. L. Steinmann, A.-S. Müller
Karlsruhe Institute of Technology, Karlsruhe, Germany

Abstract

At the KIT storage ring KARA (KArlsruhe Research Ac-
celerator), the momentum compaction factor can be reduced
leading to natural bunch lengths in the ps range. Due to
the high degree of longitudinal compression, the micro-
bunching instability arises. During this longitudinal instabil-
ity, the bunches emit bursts of intense coherent synchrotron
radiation in the THz frequency range caused by the com-
plex longitudinal dynamics. The temporal pattern of the
emitted bursts depends on given machine parameters, like
momentum compaction factor, acceleration voltage, and
damping time. In this paper, the influence of the damping
time is studied by utilizing the CLIC damping wiggler pro-
totype installed in KARA as well as by simulations using
the Vlasov-Fokker-Planck solver Inovesa.

INTRODUCTION

The micro-bunching instability, a longitudinal instability,
occurs for short electron bunches when their own electric
field acts back on their longitudinal charge distribution. At
the right conditions (e. g. bunch current, bunch length, mo-
mentum compaction factor and damping time), substruc-
tures form and lead to the emission of intense coherent syn-
chrotron radiation (CSR) at wavelengths shorter than the
bunch length. This radiation acts back on the bunch profile
and creates a self-enhancing effect. This interaction can be
described via the CSR impedance using the parallel plates
model [1]. It was shown that by solving the Vlasov-Fokker-
Planck equation with the parallel plates impedance as a per-
turbation in the Hamiltonian, the instability threshold [2, 3]
and even the behavior of the instability above the threshold
current is reproduced to a great extend [4]. By observing
the emitted power of the synchrotron radiation, in the fre-
quency range corresponding to the size of the substructures
(at KARA in the THz range), the temporal development of
the bunch profile due to the instability can be studied. The
emitted synchrotron radiation spectrum directly depends
on the longitudinal charge density and changes therefore
with the rising and vanishing of substructures therein. The
development of the temporal emission spectrum over the de-
creasing bunch current (Fig. 1) is reproducible for the same
machine parameters and can therefore serve as a fingerprint
for the machine state.

The micro-bunching instability has been studied at many
light sources, e. g. ALS [5], Bessy II [6], DIAMOND [7].
At the KArlsruhe Research Accelerator (KARA) (the storage

∗ miriam.brosi@kit.edu
† gethmann@kit.edu

Figure 1: Fluctuation spectrogram of the emitted THz power.
The fluctuations are caused by the instability and depend
on the present machine settings. The left panel shows the
extracted low frequency over bunch current corresponding
to the repetition rate of the out-bursts in THz emission.

ring of the KIT light source fka ANKA), the dependency
of the instability on multiple parameters, especially of its
threshold current, has been studied in great detail before
[3, 8, 9].

For this contribution, the influence of the longitudinal
damping time on the behavior of the micro-bunching instabil-
ity was studied using a prototype wiggler for the CLIC damp-
ing rings [10]. This superconducting wiggler (CLICdw) is
in operation at KARA since 2016 [11]. It can be operated in
the 2.5 GeV operation mode of KARA with a field of up to
2.9 T. Despite a strong vertical tune shift created by the wig-
gler, it can be operated with up to 2 T in KARA’s 1.3 GeV
operation mode, where the aforementioned micro-bunching
instabilities can be observed. Its radiation causes an en-
ergy loss increase by 20 % which results in a faster damping.
This damping can be utilized to study the influence of the
damping time on the bursting behaviour.

MEASUREMENT SETUP

For detailed studies of the instability behavior, precise
measurements of the development of the emitted CSR power
as a function of time as well as of the bunch currents are
necessary. Therefore fast THz detectors, in this case Schot-
tky barrier diode detectors from ACST [12] or VDI [13], are
read-out with the in-house developed fast data-acquisition
system KAPTURE [14]. This system samples and stores
the detector pulse height (500 MHz) leaving out the noise
during the 2 ns in-between pulses. With this combination
of fast detectors and memory efficient read-out, the peak
power of the THz pulse emitted from each bunch at every
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Influence of a damping wiggler on the micro-
bunching instability

Low bursting frequency is shifted

!15

Table 2: Bunch urrent and requency at nstability hreshold

Property A B C E

Bwig/T 0 0 0→ 2 2
Ith/ µA 217± 3 213± 3 215±2 220± 4
fth/ kHz 30.9±0.3 30.1±0.3 29.6±0.3 29.7±0.3

Figure 3: Low bursting frequency (periodicity of radiation
outbursts as a function of bunch current for different fills.
Shift in frequency visible for CLICdw at 0 T or 2 T.

proven to concur with measurements to a great extend in [3].
For the settings used in these fills, the simple scaling law
predicts a threshold current of Ith = 207 µA for fs = 7.7 kHz.

Also, the fluctuations directly above the instability thresh-
old have the same frequency fth (Tab. 2) and don’t seem to
be changed significantly by changes of the damping time.

The low frequency of the fluctuations in the emitted
THz power (the periodicity of the radiation outbursts),
however, shows a significant difference between the mea-
surements with CLICdw on and CLICdw off. This low
bursting frequency is displayed as a function of the bunch
current in Fig. 3 for the different fills. For all fills the
curves show similar features, like the kinks at approximately
(0.65 ± 0.01) mA and (0.40 ± 0.01) mA. Nevertheless, the
curves for CLICdw off lie at lower frequencies whereas the
ones with CLICdw on are shifted to higher frequencies. For
example for a current of 0.8 mA the frequency is shifted
from (240 ± 5) Hz to (310 ± 5) Hz.

That these low bursting frequencies depend on the damp-
ing time is not unexpected as can be explained with a simple
model of the longitudinal dynamics during the THz out-
bursts. The additional potential acting on the bunch is the
convolution of the wake function and the bunch profile [22].
The shorter the bunch is the stronger this additional wake
potential is acting on the bunch and driving the growth of
substructures. These substructures lead to the emission of
coherent synchrotron radiation above the vacuum chamber
cut-off, which is visible as an outburst of THz radiation. Due
to filamentation and diffusion the substructures are smeared
out at a point in time, making the bunch longer. For a longer
bunch the wake potential is significantly weaker and the

bunch length is damped down until it is short enough to
generate a strong wake potential leading again to the growth
of substructures and another repetition of this cycle. Such a
cycle is visible in the bunch length and the energy spread as
a saw-tooth like pattern [23, 24].

The time span between two outbursts at a given bunch
current Ib consists of two parts. The first part, the rise time
of the bunch length is caused by the occurrence and filamen-
tation of the substructures. This time changes as a function
of Ib. The second part is the time it takes to damp down the
bunch length from its maximum to its minimum. On the
one hand, this depends strongly on the longitudinal damping
time and explains how the damping time affects the repeti-
tion rate of the outbursts. On the other hand, it depends on
the minimal and maximal bunch length at Ib.

As the bunch length decreases with current also the inter-
action between the longitudinal charge distribution and the
impedance changes. Therefore, the low bursting frequency
can change as a function of bunch current even for a constant
damping time as seen in Fig. 3. A faster damping results in
a similar behavior, shifted to higher frequencies.

The dependency of the low bursting frequency on the lon-
gitudinal damping time was also simulated with the Vlasov-
Fokker-Planck solver Inovesa [25]. Changing only the damp-
ing time while leaving all other parameters unchanged re-
sulted in a qualitative agreement of the shift of the low fre-
quency with that seen in the measurements.

SUMMARY AND OUTLOOK

By using a prototype CLIC damping wiggler installed
at the KArlsruhe Research Accelerator (KARA), the de-
pendency of some key properties of the micro-bunching
instability on the longitudinal damping time was studied.

No significant changes of the threshold current and the
high frequency directly above the threshold were observed.
The low bursting frequency, equivalent to the repetition rate
of the outburst in CSR, however, significantly shifted when
the CLICdw was ramped up from 0 T to 2 T.

This observation is supported by similar results with a
Vlasov-Fokker-Planck solver.
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STUDIES OF THE MICRO-BUNCHING INSTABILITY IN THE

PRESENCE OF A DAMPING WIGGLER

M. Brosi∗, J. Gethmann†, A. Bernhard, B. Kehrer, A. Papash,
P. Schönfeldt, P. Schreiber, J. L. Steinmann, A.-S. Müller
Karlsruhe Institute of Technology, Karlsruhe, Germany

Abstract

At the KIT storage ring KARA (KArlsruhe Research Ac-
celerator), the momentum compaction factor can be reduced
leading to natural bunch lengths in the ps range. Due to
the high degree of longitudinal compression, the micro-
bunching instability arises. During this longitudinal instabil-
ity, the bunches emit bursts of intense coherent synchrotron
radiation in the THz frequency range caused by the com-
plex longitudinal dynamics. The temporal pattern of the
emitted bursts depends on given machine parameters, like
momentum compaction factor, acceleration voltage, and
damping time. In this paper, the influence of the damping
time is studied by utilizing the CLIC damping wiggler pro-
totype installed in KARA as well as by simulations using
the Vlasov-Fokker-Planck solver Inovesa.

INTRODUCTION

The micro-bunching instability, a longitudinal instability,
occurs for short electron bunches when their own electric
field acts back on their longitudinal charge distribution. At
the right conditions (e. g. bunch current, bunch length, mo-
mentum compaction factor and damping time), substruc-
tures form and lead to the emission of intense coherent syn-
chrotron radiation (CSR) at wavelengths shorter than the
bunch length. This radiation acts back on the bunch profile
and creates a self-enhancing effect. This interaction can be
described via the CSR impedance using the parallel plates
model [1]. It was shown that by solving the Vlasov-Fokker-
Planck equation with the parallel plates impedance as a per-
turbation in the Hamiltonian, the instability threshold [2, 3]
and even the behavior of the instability above the threshold
current is reproduced to a great extend [4]. By observing
the emitted power of the synchrotron radiation, in the fre-
quency range corresponding to the size of the substructures
(at KARA in the THz range), the temporal development of
the bunch profile due to the instability can be studied. The
emitted synchrotron radiation spectrum directly depends
on the longitudinal charge density and changes therefore
with the rising and vanishing of substructures therein. The
development of the temporal emission spectrum over the de-
creasing bunch current (Fig. 1) is reproducible for the same
machine parameters and can therefore serve as a fingerprint
for the machine state.

The micro-bunching instability has been studied at many
light sources, e. g. ALS [5], Bessy II [6], DIAMOND [7].
At the KArlsruhe Research Accelerator (KARA) (the storage

∗ miriam.brosi@kit.edu
† gethmann@kit.edu

Figure 1: Fluctuation spectrogram of the emitted THz power.
The fluctuations are caused by the instability and depend
on the present machine settings. The left panel shows the
extracted low frequency over bunch current corresponding
to the repetition rate of the out-bursts in THz emission.

ring of the KIT light source fka ANKA), the dependency
of the instability on multiple parameters, especially of its
threshold current, has been studied in great detail before
[3, 8, 9].

For this contribution, the influence of the longitudinal
damping time on the behavior of the micro-bunching instabil-
ity was studied using a prototype wiggler for the CLIC damp-
ing rings [10]. This superconducting wiggler (CLICdw) is
in operation at KARA since 2016 [11]. It can be operated in
the 2.5 GeV operation mode of KARA with a field of up to
2.9 T. Despite a strong vertical tune shift created by the wig-
gler, it can be operated with up to 2 T in KARA’s 1.3 GeV
operation mode, where the aforementioned micro-bunching
instabilities can be observed. Its radiation causes an en-
ergy loss increase by 20 % which results in a faster damping.
This damping can be utilized to study the influence of the
damping time on the bursting behaviour.

MEASUREMENT SETUP

For detailed studies of the instability behavior, precise
measurements of the development of the emitted CSR power
as a function of time as well as of the bunch currents are
necessary. Therefore fast THz detectors, in this case Schot-
tky barrier diode detectors from ACST [12] or VDI [13], are
read-out with the in-house developed fast data-acquisition
system KAPTURE [14]. This system samples and stores
the detector pulse height (500 MHz) leaving out the noise
during the 2 ns in-between pulses. With this combination
of fast detectors and memory efficient read-out, the peak
power of the THz pulse emitted from each bunch at every
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Longitudinal beam dynamics simulations

New INOVESA features 
Pseudo particle tracking: 
Track single electrons 
within charge distribution 

RF Noise 

INOVESA based studies
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P. Schönfeldt et al,  
DOI:10.18429/JACoW-
IPAC2018-THPAK032

Figure 1: Example charge density of a bunch in the poten-
tial well distortion. Trajectories of five particles (light blue
arrows) for a time corresponding to one unperturbed syn-
chrotron period are displayed as an overlay. Also, there are
two dark gray lines added that connect the positions at the
first and the last time step, respectively. The dynamics have
been calculated using the maps obtained based on the charge
density, neglecting stochastic effects.

which implies that a trajectory passing through r at time t

passes through r ′ at time t +∆t. Calculating the maps based
on the charge density provides good numerical stability, so
we derive them using the charge density and afterwards ex-
press them in terms of the change of a particle’s position and
energy. To get a realistic picture, special care is needed for
D: This map contains averaged quantum effects, which do
not make sense on a single particle level. A first order prob-
abilistic approach including both, damping and radiation
excitation, is [8]

D : p(t + ∆t) = p(t) ×

(

1 −
2∆t

τd

)

+ 2

√

∆t

τd
N

(

σp
)

, (7)

whereN(σ) is a random number drawn from a zero-centered
Gaussian distribution with the width σ. However, as the
tracking is only performed for visualization purposes, it is
also valid to think of an “average particle”. An example
using this flavour of the passive tracking method is shown in
Fig. 1. It diplays the trajectories of five particles as an overlay
to the charge density of an electron bunch in a distorted
potential well. Using this method, tune spread and tune shift
due to collective effects are clearly visible.

DYNAMIC ACCELERATING VOLTAGE

Typically, the unperturbed LHS of Eq. (1) is evaluated
to the first order, yielding a harmonic oscillator which is
then modeled using the rotation map R. A time-dependent
acceleration could in principle be modeled by adding a driv-
ing term to the RHS. We, instead, use the fact that we split
R into two contributions [see Eq. (4)] parallel to the two
dimensions that span the phase space. This way, only the
RF kick map RK has to be modified. For small variations,

Figure 2: Evolution of the synchrotron oscillation amplitude
over time. First, the simulated RF is stable. At T = 0, white
Gaussian phase noise with σq = 0.1◦ = 0.56 ps is turned
on. The natural rms bunch length is σz,0 = 4.61 ps.

the phase modulation results in an additive term δ+, the am-
plitude modulation in a multiplicative term δ× [9]. So the
map can be expressed as

RK : p(q, t + ∆t) = p(t) + δ+(t) + q × tan−1(1/(∆t fs,0))

× [1 + δ×(t)], (8)

with the synchrotron frequency fs,0. For the unperturbed
case (δ = 0), the map is constant in t. So, the formulation is
equivalent to a simple rotation for this unperturbed case.

As a first test, we consider Gaussian white noise to the
RF phase. To do so, it has to be considered that the length
of the time step ∆t for the numerical solution of Eq. (1) can
be arbitrarily chosen. So, the random distribution is sam-
pled more often for small ∆t. This can be compensated by
introducing a correction factor [10] that scales the dynamics
to be equal to the case where acceleration happens once per
revolution period. In total

δ+ =
√

∆t frev ×N
(

σq

)

, (9)

where σq is the RF phase spread σφ expressed in multiples
of the natural bunch length. An example of simulation us-
ing σφ = 0.1◦ is displayed in Fig. 2. The RF phase noise
drives a coherent synchrotron oscillation with stochastically
varying amplitude. Its long-term mean amplitude is strongly
dependent on the amplitude of the phase noise and can be
calculated by [9]

⟨φ2⟩ = π2 f 2
s,0 σ

2
φ τd/ frev. (10)

In a second step, we add RF amplitude noise with

δ× =
√

∆t frev ×N (σV/VRF) , (11)

where σV is the spread of the peak accelerating voltage.
Bursting spectrograms of exemplary results are displayed
in Fig. 3. In general, the simple model only consider-
ing the CSR impedance shielded by parallel plates repro-
duces the main features: There are strong frequency lines
at f ≈ 30 kHz and its multiples as well as the occurrence of
low frequency fluctuations at higher currents. The threshold
currents, however, differ by ≈ 25 µA. Introducing noise
does not change this. Instead, it influences the background
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Figure 3: Spectrograms of emitted bursting coherent synchrotron radiation (see e.g. [11]). Left: Simulation data without
RF noise. Center: Simulation considering RF phase noise with σq = 0.01◦ and RF amplitude noise of σV/V = 1 %. Right:
Measurement data obtained using a broad-band Schottky diode from ACST [12]. Both simulations reproduce the main
frequency at f ≈ 30 kHz and its harmonics. The instability threshold is 211 µA for the measurement and 237 µA for both
simulations. Adding noise improves the agreement between simulation and measurement in another aspect: The unphysical
drop of the background at the lowest current disappears and the minimum intensity between the peak frequencies is lowered,
where an additional structure becomes visible. (See text for interpretation of current-independent fs,0 harmonics.)

level in two ways: Without noise, the CSR ceases fluctu-
ating below the threshold current. Considering noise re-
moves this artifact. Furthermore, it actually lowers the noise
floor between the two main frequency components. In the
given example, this allows to see an additional structure at
f ≈ 50 kHz, which seems comparable to similar features
in the measurement data. The simulated lines at the 2nd
and 4th fs,0 harmonic are due to asymmetries driven by the
RF noise. In the projection to the profile, they appear with
multiples fs,0. The fs,0 line in the measurement might be
explained by the different transmission from the emitted
light to the detector for different dispersive paths. In con-
trast, only emission is considered for the simulation. The
difference in the instability threshold not being explained by
noise suggests to take additional impedances into account.

In principle, Eq. (8) also holds for intentional RF modu-
lations. However, they are typically driven with an ampli-
tude [13–16] where the applicability of the linear approxima-
tion might be questioned. So, for these cases, the sinusoidal
shape of the accelerating voltage should be considered. It
can be expressed as

RK : p(t + ∆t) = p(t)

− frev∆t e [VRF sin(ωV q(t) + q0) + V0]/σδ,0, (12)

where q0 is the synchronous phase, ωV is the RF frequency
in units of q, and eV0 is radiation loss of an electron per turn.
When (ωV q(t) + q0) ≈ 0, this formulation is equivalent to
the linear approximation.

NONLINEAR MOMENTUM

COMPACTION

To complete the picture, we also include higher orders of
the momentum compaction factor

αc =

∞
∑

n=0

αn

(

E

E0

)n

=
∆L/L0

∆E/E0
, (13)

where L0 marks the length of the design orbit and ∆L the
difference in orbit length due to an energy offset ∆E . This
nonlinearity introduces a tune-spread that can e.g. Landau
damp instabilities [2]. The modified drift map RD now reads

RD : q(t + ∆t) = q(t) + η′c × p(t), (14)

where η′c = α
′
c−1/γ2 is the slip factor in the q, p coordinates.

If αn = 0 ∀n > 0, the map is identical to the one originally
developed for the rotation.

SUMMARY AND OUTLOOK

We presented additions to Vlasov-Fokker-Planck solvers
that allow to solve problems that were previously not ad-
dressed by this simulation method. As a premiere example,
we considered RF noise. In the simulation of bursting CSR,
the addition allows to see frequency components that where
not reproduced before. Systematic studies modeling inten-
tional RF phase modulation and using nonlinear momentum
compaction are planned and first tests already show promis-
ing results.
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EuroCirCol - FCC H2020 Project: BESTEX setup

!17

L. A. González et al, 
DOI:10.18429/JACoW-IPAC2018-MOZGBE5

Two FCC-hh Beam Screen prototypes have been tested so far at 
BESTEX 
Third prototype (Baseline design is currently under study)
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EuroCirCol - FCC H2020 Project: BESTEX results

!18

L. A. González et al, DOI:10.18429/JACoW-IPAC2018-MOZGBE5

Each Beam Screen Prototype was irradiated in different configurations 
in order to mimic all the scenarios of FCC-hh operation. 
The results showed a large amount of photons reflected towards the 
inner walls of the Beam Screen

Electro 
deposited Cu 
at inner walls 

Clearing 
Electrode 
(high photo 
stimulated 
desorption) at 
inner walls 



Marcel.Schuh@kit.edu 
Institute for Beam Physics  

and Technology (IBPT)
KIT Status report, ESLS WS’18, Kraków, Poland2018-11-27

SCU20: tests with beam 

Installation in December 2017 
Successfully operating in the KIT 
synchrotron since January 2018 
without quenches 
First  X-rays 10.01.2018

!19

S. Casalbuoni et al,  
Synchrotron Radiation News, 31:3, 24-28 (2018)  
DOI:10.1080/08940886.2018.1460171 25 26 27 28 29 30 31 32

-16

-15

-14

-13

-12

-11

-10

-9
Diode counts

y 
(m

m
)

x ( mm)

100.0
1830
3560
5290
7020
8750
1.048E+04
1.221E+04
1.394E+04
1.567E+04
1.740E+04

Image of white beam scanning diode after  
15 µm pinhole  @  17.1 m from the source   
and CVD diamond window 3 mm x 2 mm @ 8.3 m 
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Status of TGU @ KIT

TGU cool-down 
TGU powering test 
PhD student at work 
Next steps 

Install B-field 
measurement system 
Measure transverse field 
distribution along 
longitudinal axis 
Experiments at HI Jena 
and SINBAD

!20

4.2 K / 77 K indirect cooling, Low-TC superconducting coils, high-TC current leads

A. Bernhard et al., 
DOI: 10.1016/j.nima.2017.12.052  
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ARIES Activities

KARA and FLUTE are 
available via transnational 
access for machine physics 
experiments 
Experiments 

Test experiments for the split 
ring resonator at FLUTE 

Optics characterization at 
KARA including the high 
wiggler field 

Tests for a negative αc 
working point at 500 MeV 

Open for your ideas: 
http://aries.web.cern.ch/ta

!21

P. Zisopouloset al.:  
https://indico.cern.ch/event/699219/
contributions/2929063/

http://aries.web.cern.ch/ta
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Outlook

FLUTE 
Continue commissioning 
Prepare and carry out first accelerator user experiment with beam 

KARA Refurbishment 
Upgrade controller of main power supplies 
Install new corrector power supplies 
Renew kicker and septa power supplies 
Install new 500 MHz and reference distribution 
Improve diagnostics in the injector 

Work on further lifetime improvements like phase modulation 
Establish low αc and negative αc optics at 500 MeV 
Provide beam at 1.8 GeV for beam line applications in the frame of 
CALIPSOplus 
ARIES Workshop 2019 at KIT: 18.-20.02.2019 
https://indico.cern.ch/event/772326/

!22
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CLIC Dämpfungswiggler

4 28.11.2013 Axel Bernhard - Beschleunigerphysik am KIT-Universitätsbereich

KIT

Aktivitäten und Ziele
1. Schritt: Design und Bau eines
SC Wigglers nach Spezifikation
für CLIC-Dämpfungsring
(BINP, FAT Feb. 2014)
Betriebstest und
Strahldynamik-Experimente im
ANKA-Speicherring
parallel: Entwicklung von
Nb3Sn-SCID-Technologie
(CERN)
2. Schritt: Test eines
Nb3Sn-Wigglers im
ANKA-Speicherring

Abbildung : Schnitt durch den
CLIC-Dämpfungswiggler-Prototypen
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Backup slides
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Accelerator Technology Platform
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SR light monitor 
In-Air X-ray detector 
EO-Nearfield setup 
Streak camera 
Fast-gated camera / KALYPSO 
BBB feedback system 
Ultra fast THz detectors 
Lead glass detector 
BPMs 
BLMs 
…

!26

Diagnostics at KARA
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FLUTE diagnostics

Large dynamic range: 
Charge: 1 pC - 3 nC 

Energy: 7 - 42 MeV 

Bunch length: 2-3 ps (after gun), few 
fs (after chicane) 

Transverse bunch size: 20 µm - 4 mm 

!27

Charge, position, size:  
Integrating current transformer  

Faraday cup 

7-8 cavity BPMs  
(XFEL, SwissFEL) 

5-8 movable screens (PSI)

THz-Diagnostic: 
Fast THz-detectors  (e.g. HEB, Schottky Diodes) 

Interferometer: Martin-Puplett, Michelson 

Electro-optical methods (far-field)

Energy:  
2 spectrometers  
(7 & 42 MeV) 

Bunch length: 
2 electro-optical 
monitors  
(PSI / DESY) 

Split ring resonatorLaser-Diagnostic: 
Virtual cathode 

Cathode imaging  

Auto-Correlator / Grennouille

E-Gun

Solenoid
THz generation

Split ring
resonatorLow energy 

spectrometer

 Gun laser

BPM Screen monitor ICT EO-monitor Quadrupole Dipole Photon beam path
Electron beam path

LINAC

Steerer(H/V)

SR port

Scraper 

Faraday cup
/dump

Valve Pump


