TUPOBS51

Proceedings of NAPAC2016, Chicago, IL, USA

ISBN 978-3-95450-180-9

A NUMERICAL STUDY OF THE MICROWAVE INSTABILITY AT APS*

A. Blednykh#, G. Bassi, V. Smaluk, BNL, NSLS-II, Upton, NY, 11973-5000, USA
R. R. Lindberg, ANL, Argonne, IL 60439, USA

Abstract

Two particle tracking codes, ELEGANT and SPACE,
have been used to simulate the microwave instability in
the APS storage ring. The total longitudinal wakepotential
for the APS vacuum components, computed by GdfidL,
has been used as the input file for the simulations. The
numerical results have been compared with bunch length
and the energy spread measurements for different single-
bunch intensities.

LONGITUDINAL MICROWAVE
INSTABILITY
In this paper we compare the results of numerical simu-
lations obtained using the ELEGANT [1] and SPACE [2]
codes with measurements taken at the APS storage ring.

The main parameters of the APS storage ring are shown
in Table 1.

Table 1: Main APS Storage Ring Parameters [3]

Energy E[GeV] 7
Revolution Period To[us] 3.682
Momentum Compaction a 2.82x107*
Energy Loss U [MeV] 5353
RF Voltage V [MV] 9
Synchrotron Tune Vs 0.0078
Damping Time Tyy/s [MS] 9.6/4.8
Energy Spread g0 [%] 0.096
Bunch Length 0yo [pS] 20

The total longitudinal wakepotential has been comput-
ed by the GdfidL code [4] for the APS vacuum compo-
nents distributed around the ring. The longitudinal
wakepotential for a Imm bunch length is shown in Fig. 1.
This wakepotential was simulated by Y.-C. Chae, it re-
flects contribution from most of the components. Based
on the geometry complexity the step size for the simula-
tions with GdfidL was probably varied, which can affect
the accuracy of the simulations for different geometries.
The obtained wakepotential is used to determine the in-
stability thresholds and the numerical results are com-
pared with the measurements. The longitudinal imped-
ance is shown in Fig. 2 up to 150GHz. It should be noted
here, that the measured results can be confirmed numeri-
cally using the numerically simulated by Y.-C. Chae the
wakepotential for a shorter bunch length, 10 times shorter,
than the circulating bunch in the storage ring (at low cur-
rent) for longitudinal and transverse instabilities [5].

In Figs. 3 and 4 we compare the bunch length and en-
ergy spread obtained by two codes numerically with the
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measurements. The grey trace of Fig. 3 is the experi-
mental fit of the bunch length. The blue and green dots
represent the numerical results of SPACE and ELEGANT
respectively.
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Figure 1: The total longitudinal wakepotential of the APS
storage ring simulated for a 1mm bunch length, including
the resistive walls and geometric changes of the vacuum
components.
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Figure 2: Modulus of the longitudinal impedance ob-
tained by FFT of the longitudinal wakepotential presented
in Fig. 1.
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Figure 3: Bunch length vs. single bunch current at
Vrr = O9MV. The experimental results are represented by
the experimental fit obtained during several measure-
ments in APS. The green and blue dots correspond to the
ELEGANT and SPACE numerical results respectively.
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In Fig. 4, the energy spread is plotted as a function of
single bunch current. The grey dots are from data meas-
ured in 2014 at RF voltage 9MV. The numerical results
obtained with ELEGANT (green dots) and SPACE (blue
dots) agree with each other and describe well the behav-
iour of the measurements at low and high single-bunch
current.
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Figure 4: Energy spread vs single bunch current. Compar-
ison of the measured data (grey dots) with the numerical
results obtained with the ELEGANT (green dots) and
SPACE (blue dots) codes.

The RMS energy spread of the electron beam in APS
has been measured at low current in 2001 [6] and in 2005
[7], with values g, = 0.91 X 1073 (Fig. 5) and 0,4 =
0.96 x 10~3 (Fig. 6) respectively. In Fig. 5, three differ-
ent regions are shown: region I below the microwave
instability threshold current I;,; = 7.4mA, and region II
and III above it, where the energy spread increases. Re-
gion II and III are separated at the transition threshold
Iip, = 8.8mA, where a change in the functional depend-
ence of the energy spread on the bunch current is ob-
served. The appearance of a change in behaviour of the
energy spread increase has been observed at SPEAR 1I [8]
as well. Recent measurements performed at the NSLS-II
storage ring, using three different diagnostic methods,
have confirmed the same phenomenon by demonstrating
the appearance of several transition thresholds in studies
of the dependence of the microwave instability threshold
on the RF voltage [9]. The physical mechanism responsi-
ble for the change in the behaviour of the energy spread
increase as a function of current is under investigation.
Possible candidates, such as mode mixing at the transition
thresholds are being considered [9].
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Figure 5: Energy spread vs single bunch current meas-
urements in APS at RF voltage 9.4MV, 2001.
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Figure 6: Energy spread vs single bunch current meas-
urements in APS, June 2005 at RF voltage 7MV.

The dependence of the longitudinal instability thresh-
olds on the RF voltage in the APS storage has been stud-
ied numerically with SPACE simulations. In Fig. 7, the
energy spread vs. single bunch current is plotted for the
RF voltage in the range 7MV-15MV. For a clearer inter-
pretation of the results, the data are separated uniformly
by the quantity A= 107*.

To determine changes in energy spread at low RF volt-
ages is pretty challenging because the slope gets smaller
with lower Vpp. Increasing the RF voltage allows us to
observe several thresholds as the energy spread slope
becomes bigger. From Fig. 7 we can clearly see multiple
thresholds as a function of single bunch current.

The same threshold behaviour can be seen from the
bunch lengthening simulations (Fig. 8). The resolution to
determine the thresholds gets higher with the RF voltage.
Here we show the maximum value of the bunch length
during the unstable motion above the microwave instabil-
ity threshold (I;,;. The bunch length is constant, yet cur-
rent dependent, below ;.
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Figure 7: SPACE simulations of the energy spread (o) vs
single bunch current (/;) at different RF voltages. The
vertical data are separated uniformly by quantity A= 1 X
10™* for n=0,1,2,..9 for better observation of the
changes in the thresholds behaviour.
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Figure 8: SPACE simulations of the bunch length (a;) vs
single bunch current (/) at different RF voltages.

As a brief summary, in Fig. 9 we plot the longitudinal
instability thresholds map vs. RF voltage. From Fig. 7, we
can identify the first microwave instability threshold I,
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(red dots) and several other instability thresholds at dif-
ferent single-bunch current.
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Figure 9: Summary of the simulated data for the longitu-
dinal instability thresholds vs the RF voltage.

CONCLUSION

Both codes, ELEGANT and SPACE, demonstrate ca-
pability to simulate accurately the collective longitudinal
beam instabilities with known wakepotential and parame-
ters of the storage ring Multiple instability thresholds
observed at APS have been confirmed by simulations.
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