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M easurementsin the positron ring: positive alpha
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M easurementsin the positron ring: negative alpha
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Negative momentum compaction in the electron ring

60
50

In the electron ring we ran
Into single-bunch instability
at bunch currents above 4-5
mA.

The instability manifested
Itself as bursts of oscillation
(detectable in the LFB front-
end) at 40-45 kHz.
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20
-30
synchrotron and quadrupole -
frequenci es, 10 15 20 25 &

Time (ms)

60

w
w

140

(%3]
o

130

iy
(9]

120

110

Frequency {(kHz)
I
(4]

(4%]
145

-0

=-10

w
o
]

(1]
w

N
(]

o
wl

Single bunch spectrum vs.

time on the right shows bursts the instability as well as bursts of dipole and
guadrupole motion.

In presence of this instability multibunch currents were limited to ~300 mA most
likely due to the oscillation bursts saturating the LFB control channel.
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M ode O control

In the past we always assumed that LFB
excites mode O via positive feedback

A separate mode O FB was developed at
DAFNE to stabilize the motion.

During the MD in the electron ring we
turned off the mode O feedback and
experimented with different |IR filters.

We observed, that mode O motion at 16
kHz could not be suppressed by placing
a notch in the filter response at that
frequency.

It seems that due to beam loading mode
0 damping is significantly reduced and it
IS driven by the noise in the RF system

Placing a filter zero at 20 kHz we
generated negative feedback for mode O.
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Closed-loop record

SI mUI taneous ContrOI Of * jul1304/180854: Signal spectrum averaged (quadratic) over all bunches
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M easurements of horizontal instabilitiesin the positron ring

Grow/damp measurementsacquired by
the LeCroy scope

Convertedo standardormatacceptedy
the LFB analysis tools

A typical grow/damp shows very fast
damping - high transverse feedback ga
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Complex exponential fits to gowth and damping transients

DAFNE-2004/fig Data, Fit and Error for Mode #119

0.7
Data
Fit
o6l - - : 7 - - Error
05| | | /
| | -/
Excellent open-loop fit | 3 Y
indicates that growth rate _ /
and oscillation frequency = | 3 -/
have little dependence on | -/
oscillation amplitude
0.15 = 0i2 LWS 0.35
Time (ms)

9 July 22, 2004




Growth rates of mode -1 vs. beam cuant and fill pattern

Roughly linear change in
growth rate with current
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TFB performance at high currents

Normal growth and
damping of mode -1.

a) Osc. Envelopes in Time Domain b) Evolution of Modes
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TFB performance at high currents, continued

a) Osc. Envelopes in Time Domain b) Evolution of Modes

Between 800 and 900 mA
(850 mA In this plot)
bunches in the middle of the
train break out in oscillation.

Modal analysis shows only o2 ‘ T ‘
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TFB performance at high currents, continued

After ashort while somecurrent islost and
the motion damps.

b) Evolution of Modes

A grow/damp a that current shows
excellent control of mode -1 with very
little other motion. Dueto the reduced gain
the damping rates is slower than in the
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In the limited MD time remaining we > :
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Open-loop beam transfer function
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Summary

DA®NE is a machine with very rich dynamics and generates numerous puzzles
and surprises.

Tests of longitudinal control with the negative momentum compaction have been
very successful with the positron ring reaching beam currents above 600 mA.

Single-bunch instability in the electron ring should be further studied after optics
optimization.

Longitudinal feedback systems in DA®NE are capable of simultaneously
controlling dipole and quadrupole instabilities as well as of damping the motion of
noise-sensitive mode O.

Horizontal grow/damp measurements in e+ ring show growth and fast damping of
mode -1. Growth rates as a function of fill pattern show that this motion is not due
to afixed impedance (resistive wall).

At high currents TFB seems to run out of stability margin at high frequencies.
While thereis significant damping of mode -1, much more stable modes 40-60 get
undamped. M easurements of BTF at different frequencies should help pinpoint the
problem and, possibly, solveit.
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