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Abstract

We present an updated impedance database for the Dia-
mond-II storage ring [1], along with an analysis of single
bunch instabilities and thresholds based on particle track-
ing simulations using Elegant [2]. Various cases with dif-
ferent chromaticity, insertion device parameters and har-
monic cavity settings were studied, and the effects on the
microwave instability, bunch lengthening and phase shifts
were simulated and compared with analytic formulae. Pre-
liminary results show that the single-bunch instability
thresholds are above requirements for a uniform fill, and
with inclusion of a harmonic cavity the longitudinal and
transverse instability thresholds can also satisfy require-
ments for a hybrid fill.

INTRODUCTION

Single bunch dynamics are an important consideration
for synchrotron light sources, since they place limits on the
maximum bunch charge and hence total beam current. The
instability thresholds are strongly influenced by imped-
ance, as well as other factors such as chromaticity.

Diamond-II is planned to operate with two different fill
patterns. The standard fill will have all bunches with equal
charge, with 5 gaps of 7 buckets for ion clearing, giving
four trains of 180 bunches and one of 179. A hybrid fill
pattern providing a single high-charge bunch in addition to
the main bunch train will also be offered. The details of the
hybrid fill are still under study, but the target is to offer the
same 3 nC bunch charge as is currently available at Dia-
mond. This gives requirements for the instability thresh-
olds of at least 0.33 mA per bunch in standard fill and 1.6
mA in hybrid fill. These requirements are shown as black
dash-dotted lines on the relevant figures. It is planned to
operate at a nominal chromaticity of [2] for the horizontal
and vertical planes respectively.

We previously reported [3] on the production of an im-
pedance database for Diamond-II using an Accelerator
Toolbox-like structure [4]. This has since been updated
with more detail and updated designs for some compo-
nents. We present here an overview of the updated imped-
ance database and results of single bunch effects compar-
ing analytic formulae and particle tracking.

IMPEDANCE DATABASE

There are 252 BPMs in the Diamond-II lattice. Some are
integrated into the large dipole vessel assemblies, while the
rest incorporate flanges, bellows and tapers in addition to
the BPM block itself. One dipole vessel includes a mirror
inserted horizontally for the visible light extraction system.

1 richard.fielder@diamond.ac.uk

MCS: Beam Dynamics and EM Fields

DO05: Coherent and Incoherent Instabilities - Theory, Simulations, Code Developments

The RF cavities remain the largest contributors to the lon-
gitudinal impedance.

Significant updated components include the collimators,
three in each plane with a nominal gap of £3.5 mm for the
horizontal and £1.5 mm for the vertical. Injection striplines
and diagnostic screens have also been added. The contri-
butions to the resistive wall impedance have also been up-
dated, with the new values shown in Table 1.

Figure 1 shows the real and imaginary impedance in
each plane calculated for a 3 mm sigma Gaussian bunch
and weighted by the local beta function for each compo-
nent, comparing the cases with IDs and collimators all fully
open, and with IDs closed to minimum gaps and collima-
tors at nominal gaps. The main contributions are high-
lighted separately for each plane, with the remaining com-
ponents grouped as “other”.
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Figure 1: Real and imaginary impedance for Diamond-II
with main contributions highlighted in each plane, with
IDs and collimators open (left) and closed (right). Top:
horizontal, middle: vertical, bottom: longitudinal.
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The effective longitudinal impedance is given by

(ﬂ) :ffw@h(@dw
N/ eff ffom h(w)dw

where Zj(») is the longitudinal impedance and h(w) the
bunch power spectrum. The effective transverse imped-
ance can then be calculated by

Iz, (0)h(w)dw
ffooo h(w)dw

(Z)ett =

A summary of the effective impedance for each plane is
shown in Table 2.

Table 1: Summary of Resistive Wall Parameters in Dia-
mond-II. Multi-layer Materials Show Values for the Coat-
ing Followed by the Underlying Bulk Material

Material Length Conductivity

(m) (S/m)
Steel 42.02 1.35¢6
Copper 51.85 5.96 €7
Aluminium 96.00 3.77 €7
NEG-coated copper 336.36  1.00e5,5.96 ¢7
NEG-coated aluminium 31.73 1.00 e5, 3.77 7
Ti-coated alumina 2.60 2.38 €6, 0.00
Total 560.56

Table 2: Effective Impedance in Each Plane with All IDs
Open or Closed

Longitudi- Horizontal Vertical
nal ( Q) (MQ/m) (MQ/m)
IDs open 0.2044 1.10 1.19
IDs closed 0.2166 2.57 2.91
SINGLE BUNCH EFFECTS

Single bunch instabilities have been studied both analyt-
ically and with tracking in Elegant using a one-turn map
and lumped impedance model. Studies have also been car-
ried out including a harmonic cavity set to flat-potential
conditions [5] to be able to scan different bunch currents.

Phase Shift

The shift of the synchronous phase, bunch lengthening
and microwave instability threshold when including the
longitudinal impedance have been calculated for different
bunch currents up to 5 mA with a step of 0.25 mA. The
phase shift from the tracking result is plotted in Fig. 2 and
compared to the analytic formula [6]

Ag, = Ipk,
* foVircos @y

where fj is the revolution frequency, V. the RF voltage, ¢
the synchronous phase and kj the loss factor expressed by

(o8]
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Without the harmonic cavity, the phase shift calculated
from the formula matches well with the tracking result up
to the point where the bunch profile starts to deviate too
much from a Gaussian due to potential well distortion. The
harmonic cavity increases the phase shift as expected due
to the smaller RF focusing provided by the flat potential
well.
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Figure 2: Synchronous phase shift due to longitudinal im-
pedance.
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Figure 3: Bunch lengthening with current including longi-
tudinal impedance.

Figure 3 shows the bunch lengthening with current from
tracking and analytically using the modified Zotter’s for-
mula [7]

(at> O¢ Iyace (Z”)
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Oto 00 AmvZwiciE N/ eff

where 6y is the zero current bunch length, I, the bunch cur-
rent, o, the momentum compaction factor, e the electron

charge, v, the synchrotron tune, wo the angular revolution
frequency, E the beam energy and (Zj/n). the effective
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longitudinal impedance. Tracking results differ slightly
from the analytic since the true bunch profile is non-Gauss-
ian.

Energy Spread

The energy spread is shown in Fig. 4. The microwave
instability threshold is estimated to be the bunch current
above which the energy spread grows by more than 1%
above its natural value, which gives a threshold of 2 mA
for the bare lattice and 2.5 mA for the lattice with closed
IDs. The harmonic cavity increases the threshold to above
5 mA. The calculated microwave instability threshold is
above the foreseen operational current requirements for
both the standard and the hybrid mode.
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Figure 4: Energy spread with current including longitudi-
nal impedance. The dashed red and blue lines show the es-
timated microwave instability threshold.
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Figure 5: Betatron tune shift at zero chromaticity. Horizon-
tal (top), vertical (bottom). The coloured dashed lines show
the corresponding TMCI thresholds from tracking.

The tune shift at zero chromaticity as function of bunch
current is shown in Fig. 5. The tune shift from tracking has
been compared to the analytic formula [8]
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using the bunch length obtained from tracking, where f is
the average beta function. In our calculation, the average
beta function is replaced by the local beta functions when
calculating the lumped impedance. The transverse mode
coupling instability occurs when the frequency of mode 0
and mode -1 merge, which happens when the tune shift of
mode 0 and mode -1 roughly sums to the synchrotron tune.
This is in reasonable agreement with the instability thresh-
olds found from tracking (dashed lines in Fig. 5). As can
be seen, below the threshold the tune decreases linearly
with bunch current.

Head-Tail Instability

The thresholds for head-tail instabilities at different
chromaticities estimated by tracking is plotted in Fig. 6. As
expected, higher chromaticity helps to increase the single-
bunch current threshold. The harmonic cavity helps to in-
crease the thresholds at non-zero chromaticity, but actually
reduces the TMCI threshold. The results show that in both
planes, when including the harmonic cavity, the instability
threshold is larger than 4.5 mA for a chromaticity above 2.
Without the harmonic cavity, 3.0 mA can be stored at the
nominal chromaticity, which meets the operation require-
ment for both the standard and hybrid mode.
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Figure 6: Transverse instability threshold vs. chromaticity.
Horizontal (top), vertical (bottom).

CONCLUSIONS

The impedance database for Diamond-II has been up-
dated, and the effects of the impedance on single bunch dy-
namics have been assessed, including bunch lengthening,
phase shift, tune shift and instability thresholds. At the
nominal chromaticity of 2 in both transverse planes, the
microwave and head-tail instability thresholds have close
to a factor 2 safety margin above the required currents even
in the worst case with IDs closed, hybrid fill and no har-
monic cavity.
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