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DOUBLE RF SYSTEM FOR LANDAU DAMPING AND ROBINSON INSTABILITY
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Abstract

Design consideration of a double HF system for &)
Landau damping of a longitudinal instability
is presented. Experimental results of the sys-
tem consiructed in SOR-RING are briefly des-

cribed together with an analysis of Robinson &
instability additionally induced in the system.
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Introduction T T

A longitudinal coupled bunch instability
induced in SOR-RING increases the bunch length Fig.l Approximate form of potential i}t).
and transverse width of the electron beam, and
accompanies a slow fluctuation of the peak
current of the beam bunch and also of the syn-

chrotron radiation.D In order to suppress the where o is the momentum compaction factor, E
instabilty by Landau damping an additional the beam energy, T the revolution period, V()
cavity with the second harmonic RF frequency the total RF voltage and U the radiation ener-
was installed. The instability was really sup- gy. The oscillation frequency is determined by
pressed by the double RF system, but this suc- G

cess was limited below a beam current about 30 | ~1/2 _

mA. Above this current another phase instabi- l/Q)s(§)=ﬁj2[2(§o-_§Tt)>l dT (5)

lity was induced, which can be explained by [
Robinson instability. The second instability Here §315 a modified electron energy, which

was suppressed by a phase feedback in the takes the following range from the bottom of
double RF system up to a beam current of 110 the potential

mA.2) In this paper are presented the design - 2

principle of the double RF system and the 0¢ 2 22X Op/E) (6)

analysis of the Robinson instability.
with O, the natural energy spread. The bunch

Design Consideration of Double RF System length “A =c( T~ Ti)/2 is determined by the
maximum e%ergy ra
In SOR-RING the bunch lengthening due to omax

a longitudinal instability follows a one fifth RF voltage in the double RF system is
power of the beam current 1. This <can be given by
explained by the ballance of the growth rate
of the instability and Landau damping due to VOB =Y sin(Wpets POV sinnyppte ) (7
synchrotron frequency spread4aug. The growth
rate is given by where and V are the peak cavity voltage

v
in main &nd Langgu cavity, and Lbh, and n the
RF frequency and harmonic number, ?espective-
ly. The largest spread in synchrotron freque-
where K is a constant propartional to coupling ncy can be obtained by the condition,
impedance and A the half bunch length. The (dv(t)/dt)t=0=o;

3
O<g=k]/1\ (1)

LLandau damping is given b N
&g Y Vccos (Ps*rnVCLcos (PL:O (8)
X FAW_ /HT2/Dw_(A/L, )2 (2)
L s s RF The potential &(T ) defined by (4) becomes
where L is the wavelength of RF freguency.

RF 3
F (D =@W/ET D eV _/w ) lcos g ~cos (L t+P )]
Synchrotron frequency in double RF system ? ¢ R s AF N (92

AW 5 exiremely increased, and the threshold *(ech/“LURF”x°S4ﬁfC°S("uﬁFt’¢L)]’

current in this system IthL is determined by
k3 2 (3) In SOR-RING the radiation energy is U=0.72
Pint /Ty ™ (3782 (@Wg /) CA 74 DT (Lpp /A ) keV/turn at 308 MeV and the main cavity vol-
tage is V =20~ 25 KV to provide a sufficiently
where A is the bunch length at the threshold 10M8 TouSchek lifetime, so that @%0. In
current” 1, without the Landau cavity. Thus, the double RF system we choose @ = to get
the threshd®d current in the double RF system the widest frequency spread. Then”for g, T
can be calculated if we know the synchrotron <<¢1, we find

frequency spread AUéL and bunch length AL'
Electrons make synchrotron oscillation in

the following potential (see Fig.1l) .
T and the condition (8) becomes

3 - (11
Q(D»f(cx/mo)(eV(t’S-U)dt’ 1) v Znv )
]

- . Z, - (10)
E(L)-(fx/hl"o)((evc/zceJRFMu)RFt) (-nv /v -UT)

c cL
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Thus, the potential §(T,) is nearly flat at
the bottom of the potential.

The synchrotron frequency at each value
of in the range of (6) was calculated nume-
rically using the potential (10) for different
harmonic number n, from which we get the fre-
quency spread Aug as well as the bunch length
A . The threshoTd current was estimated by
(%)‘ These are summerized in Fig.2. In case of
n=2 the bunch length is the longest and twice
of that without the Landau cavity, and the
threshold current becomes very high. To make
Touschek lifetime as long as possible after
damping the longitudinal instability we have

selected the harmonic number n=2.
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Experiment

A block diagram of the double RF system is
shown in Fig.3. The cavity voltage VC and VC
can be Kept constant by feedback lodps, an%
the generator voitages V_and V L generated by
transmitters, can alsa ge cons%ant by the use
of circulators. in this experiment the tuners
in the cavities were adjusted manually. The
phase of VC in the Landau cavity can be
controlled™ by u%ing a ballanced mixer with
respecht to the phases of the beam bunch and
generator voltage.

was adjusted to

When the phase of VCL
longitudinal

the optimum phase ? l?-n ;7 the

was suppressed as expected; the
the slow fluctuatiaon of the
this success

instability
coherent modes and
beam bunch were suppressed. But

was limited beiow a beam current about 30 mA.
Above this current the beam bunch sliiped away
from the optimum phase with a simultaneous
deformation of total voltage as shown in
Fig.4. In this situation the [andau damping is
no tonger effective to suppress the jongitudi-
nal instability.

Ta overcome this difficulty it is neces-
sary to lock the by the phase feedback.
Then the longitudindl instability was sup-
pressed up to a beam current of 110 mA, com-
pared with the initial threshold current of
0.24 mA at 308 MeV. In spite of the sub-
stantial increase of the threshold current,
this 1s not yvyet sufficient for practical use.
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Fig.3 Block diagram of double RF system.

Above the threshold current 110 mA the

phase feedback is not sufficient to keep the
optimum phase, and the beam bunch fluctuates a
little around the gptimum phase at about the
maximum frequency of the band width in the
phase feedback loop. The phase shift becomes
faster with increasing the beam current, S0
that it becomes harder to keep the optimum

phase at a higher beam current.

Robinson Instabilljy in Double RF System

There are two kinds of Robinson instabi-
lity in a bunched beam. The first kind is in-
duced by a dynamic interaction of coherent
synchrotron oscililation modes with a sharp
coupling impedance of RF cavity. The stability
condition above transition energy is deter-
mined by the tuning angle of the cavity as

follows,3

Yo<o (12)
The angle is defined as tan{=-2Q (W N—UJ)/u%,
where @ and w_ are the loaded Q and Tesonant
frequency of the cavity, respectively.

The second Kind instability is induced by
the relation of revolution period for a change
of energy gain of the bunched beam. Stability
is obtained when tne beam bunch locates on_the
decreasing phase of the generator voltage,14)

v - 5 .
AV, /d <0 oy o<<Fg<¢L (13)

respect to the heam

13

taken with

£

bunch. The
stability is

Here ?g is
condition implties that the
the vector of the

obtained if

generating voltage v locates on the upper
half plane of the phasé diagram.

Fig.4 Phase slip of beam bunch above a thres-
hold current for Robinson instability. The
figure shows the total voltage and beam bunch

in time adaerivative. a;unstable, b,ci:stabhle
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Fig.5 Phase diagram of generated voltage V _,

induced voltage and cavity
v€¥tage v, with rgspec? to the beam
current - ke same number on the curves

satisfy &he(equxlxbrlum condition (1%5).

In the double RF system the stability is
determined by ihe change of total generator
voltage,y

AV +V_11/dt<0 or Vg51n¢g+n\«'gllsin¢gl_>0 (14)
This impiie% that for the stability the vector
sum V should locate on the upper half

plane gf tho %1agram

Meanwhile, the radiation energy of elec-
tron beam is compensated by accelerating RF
voltage Va'

U/e:Va:Vgcus (PF;Vb(;os"l’L +VgLCOS ?gl:vacos’I/‘L (15
Ihus fur a given set of parameters, V _,

Y and Y the phase diagram i€ U%l—

quely %etermined gy a free parameter ¢» or

The cavity voltage V_ and V are~also

do%e;plned unlquely by the relatlonCLV *V'¥V

and ¥ =V Then the stability of ifist8"
b111ty caﬁ‘be &etermxned by substituting these
parameters into 1nequ11ty (14), or by seeing
whether the vector sum V _+2¥ locates on the
g gL
upper half plane,
Figure 5 represents a numerical example of
phase diagram at a beam current of 40 mA
the parameters given in the figure. The
on the curves satisfy the equili-
(157, The figure indicates
2~ 8 are unstable because the
vector sum V _+2V L locates on the lower hailf
plane, whil the states 1~2 and 9~ 10 are
stable. I1f we put the beam bunch on the state
6, for instance, it moves toward the state 2
or 8 until it comes to a stable point indi-
cated with closed circles. This accompanies
simul taneus deformation of total voltage as
qhown in Fig 4. At a lower current the vector
sum +7V can be located on the upper half
pltane gf tﬁe diagram, 50 that the rhase slip
does not occur. Above the threshold current
the vector sum locates on the lower half plane
and goes lower and lower as the beam current
increases. Consequently, the Robinson instabi-
lity becomes sironger and the phase {feedback

the
for
same numbers
brium condition
that the state%
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becomes harder.

In the above analysis we have assumed
that the tuning angles Y and Y. are negative
to avoid the first kind Robinsol instability.

But we can safely make Y. positive; since the
instability is induced by coherent interaction,
it can be damped by Landau damping due to the
large frequency spread produced by the double
RF system. Figure 6 represents an example of
the phase diagram for positive Y. . It shows
that the beam bunch is stable everi at a beam
current of 160 mA. Further increase of the
tuning angle increases the threshold current
for the second kind instability up to 300 mA.

If we reduce V to zerao, or the Landau
cavity is used as a“passive cavity, the second
kind instability can be stable at any beam

current. But in this case the angle and magni-
tude of the cavity voltage V ( V. ) determined
by the beam current are not ﬁecessally optimum
for Landau damping of the longitudinal insta-
bility. 1t is noted that positive detuning
does not lengthen the beam bunch, but reduces

it, which has been confirmed in BESSY.“
Conclusion

In the double RF system we can produce a
very large spread in synchrotron frequency,
which increases the threshold current of a
coherent longitudinal instability However,
Robinson instability additionally induced 1i-
mits the threshold current. The threshold
current of Robinson instability can be in-
creased considerably by selecting positive
detuning in Landau cavity.

R.=5 Ry=05 kW

7 Yg=17 Vg=52 kY
--6’1 { 63°
I=160 mA

Fig.6 Phase diagram for positive detuning ‘kL
in Landau cavity.
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