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Ahstracr 

In DA@NE single bunches of 9*10’0 electrons or 
positrons arc stored in an accumulator where they reach the 
suitablr intensity necessary for a smooth injection into the 
multibunch e-‘c- nngs. DA<f>NE is envisaged to operate with 
30 bunches, 3with about 1.3 Amps, in order to achieve the 
goal luminosllry of a few 1032 (cm-2 s-1). Then operation 
with a higher number of bunches, up to 120, might bc ncces- 
sary LO explore the limits of the machine. 

Single bunch and multibunch instabilities arc among the 
main concerns for this high current machine. In this paper 
M report the main results of the analysis of dynamics for 
the e+ c- beams in the accumulator and in the main rings of 
DA@NE machine. The impedances of both machines have 
been estirnatcd by fitting the loss factor calculated by the 
TBCI and MAFIA codes [l] for all the ring components. 
Some results of the loss factor bench measurements performed 
on the accumulator kicker are shown as comparison with the 
computer eslimalcs. 

The single bunch longitudinal and trans;verse microwave 
thresholds appear to be safely far from the nominal current. 
An investigation of the multibunch instabilities excited by 
the RF cavity HOW is presented. Absorption of e.m. energy 
stored in the parasitic modes is necessary in order to keep the 
instability rise time long enough to be acted upon by a feed- 
hack system, 

1 1 ACCUMULATOR RING 

I.1 Impechce estimate 

Bunches >uith Y*IO~O electrons and positrons xc stored 
and ejected from the accumulator with a repetition frequency 
of 1 Hz. The single bunch instabilities can limit the perfor- 
mance of the accumulator ring. The instabilities are driven by 
the short term wake-fields resulting from the bunch interac- 
tion with the vacuum chamber broad-band impedance. 

We estimate the longitudinal %t and transverse Z, broad- 
band impedances using numerical calculation of the longitudi- 
nal kt and transverse k.r loss factors by 2D TBCI and 3D 
MAFIA codes [I] for different bunch lengths (3. To obtain Zt 
and %-,. from the above numerical results for kt and kT, we use 
the relation between the loss parameters of a Gaussian bunch 
with nns length (5 and the broad-band model impedance: 
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and find the shunt impedances Rt, R,,, the angular resonant fre- 
quencies tq, q and the quality factors Qt, Q,r of the model 
broad-band resonator by fitting the numerical results to the 
analytical dependenccs kt(a) and k,(o). The analytical 
dependences k](o) with Rt = 1.527 kOhm, qRn = 4.14 GHz, 
Qt = 0.82, and k,,(o), with R.r = 69 kOhm/m, 01!2n = 4.3 
GHz, Qr = 1, fit well the numerical estimates. 

I .2 Kicker loss parameter mem.wwnents 

As the numerical simulation shows, the main contribution 
to the loss factor (and impedances) in the accumulator comes 
from the injection-extraction kickers (almost 90%). So it is 
very important to measure the RF energy loss and compare it 
with numerical results. The longitudinal loss factor has been 
measured for an accumulator kicker prototype by an indirect 
method [2j. The experimental and numericA results are shown 
in Fig.1. The agreement between the two is satisfactory, 
showing the goodness of both approaches (simulation and 
measurement method). 
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Figure I. Loss factor kt as funclion of bunch length <T: 
experimental (solid line) and simulation (dashed line) data. 
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I .3 Single bunch insrahilities 

Above the threshold of longitudinal microwave instability 
a bunch lcngthcns turbulently. The threshold average current 
is given by 131: 

where a, is the momentum compaction, E is the total energy 
of a particle, vs is the synchrotron tune, 0~0 is the rms 
energy spread at zero current. 

At low frequencies the normalized longitudinal impedance 
ZI/n = RIco0Ql/wl, where n = o/w0 is the mode number and 
wg is the angular revolution frequency. For the accumulator 
ring w()/2lr = 0.0092 GHz and hence ZI/n = 4.14 Ohm. 
Taking into account the conuibutions of diagnostics, which 
is 0.16 Ohm for I.he accumulator. the total normalized tongi- 
tudinal impedanc’i: is ZI/n = 4.3 Ohm. 

For ZI/n = 4.3 Ohm a bunch is in the turbulent regime 
and its equilibrium length is equal to 5 cm and the rms energy 
spread crP = 9.15* 1P4 at the average current of 130 mA and 
RF voltage of 200 kV. The loss factor that corresponds to 
this hunch tcngth is kI = 0.115 V/pC. II means that the 
bunch loses 1.66 kcV per turn bccausc of RF radiation. 

The transvcrsc single bunch instabilities are destructive for 
a stored bunch. The most dangerous are the transverse fast 
blowup instability, transverse mode-coupling instability and 
resistive wall instability. For (3 > (46/3)b. where b is the 
beam pipe radius, the transverse mode-coupling instability 
dominates over the transverse fast blow up. That is the cast of 
the accumulator ring. The mode coupling instability is driven 
by the imaginary part of the lransverse impedance and its 
threshold is giver1 by [4J: 

I;= 4 (E/c) v s 4G -0 
[Im(%T)] <PT> R 3 

where <P-r> is ring-averaged transverse beta function and R is 
the ring average mdius. 

At low frequencies for long bunches Im(Zr)= ZT = RT/Qr. 
This approximation is valid for the accumulator because the 
bunch in the turbulent regime is rather long (5 cm). Taking 
the numbers from the broad-band impedance model the thresh- 
old c.urrcnt is by a factor -5 higher than the nominal current. 

2. MAIN RING 

2.1 Single bunch dynunlic.s 

For the main ring we also use the broad-band impedance 
fit of the numerical dependences kt ((T) and k,r (a). The same 
procedure as described in 1.1. is used for this purpose. The 
normalized longitudinal impcdancc ZI/n comes out to be 
about 1.2 Ohrn and the transverse one Zr about 64 kOhm/m. 

Table 1 shows the relative contributions of different vacu- 
um chamber elements to the total loss factors at the nominal 
bunch length CT =:: 3 cm. The main contribution comes from 
the 2 injection kickers. Now other possible kicker designs are 
unde.r consideration to reduce the impedance [ 51. 

In our calculation we did not take into account the contri- 
butions of bellows and flanges. Since DA@NE is a rather 
small machine, the number of bellows and flanges is not large 
and in any case they wilt be RF shielded. So the goal of 
ZI/n = 2 Ohm is quite achievable for the main ring. To keep 
the bunch length (T = 3 cm we need to supply VRIz = 270 kV 
at full current. 

The transverse current threshold with a transverse 
impedance of 64 kOhm/m is by a factor 1.5 higher than the 
nominal current I = 45 mA. 

Table 1 

RF cavity 

Longitudinal 
feedback kicker 

kl k,, 
[V/PC1 W/pCml 

0.129 4.7 1 

0.0485 2.37 

1 Injection kicker I 0.255 I 40.9 

Slot in the vacuum 
chamber (l@cm* 2cm) 

2’10 -7 0.002 

Taper in the 
interaction region. 

0.0013 1.5 

Transition between 
the beam chamber and 
the wiggler section 
Vacuum chamber 
in the split magnet 

(intersection of two rings) 

0.0004 20.1 

4*10-h 0.716 

2.2, Multibunch Instubiliries 

Coupled-bunch instabilities, driven by the parasitic HOhIs 
of the RF cavity, are one of the main concerns in the design 
of the machine. A longitudinal feedback system for DA@NE 
may provide al best a damping time of about 100 ~BX , much 
faster than the natural radiation damping, not sufficient, how- 
ever, to damp those relative modes significantly coupled to 
strong resonances. The spectrum of the unperturbed motion of 
kb bunches shows frcqucncies at 

op,s,a = (p kb + s + a vs) wo 
p=O,+l t-3 ) -A,... 
a = 1, 2, 3 ,. . . . . 
s=Ol 29. , ,.... 

where w. = 19.295* lo6 rad/sec is the revolution angular 
frequency, “a” describes the longitudinal motion in the phase 
space (dipole mode a=l, quadruple mode a=2 etc), and “s” 
specifies the longitudinal mode number. When a relative mode 
of oscillation “s” is excited by the e.m. resonating fields, the 
motion is intrinsically stable or unstable depending on the 
sign of the rise time: 

4n (E/e) v B 1 
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where the effective impedance (Z,\$ eff is computed for each 
relative mode s, interacting with N parasitic HOM of the RF 
cavity: 

(Z,,)“= gpfn F(ud Re,n 
---ou 1 

R,. o+, and Qr being the relevant parameters of the parasitic 
resonators. The form factor for a gaussian beam is: 

F(q) =+s (kbp+ S)‘C- 
OF 

We have analyzed for the dipole-mode (a=l) the instability 
rise time dllc to a sample HOM with a resonant frequency 
spanning the region where the maximum of the form factor 
occurs, i.e. at around 1.125 GHz. We assumed kb Ib = 1.3 A, 
RslQr = 20 K2, and consirered four significative cases 
Qr = 5(X)00, SOOO, 500 and 100. For Qr = 50000 the rise time 
becomes dramatically low. of the order of fraction of mi- 
croseconds, when the resonant frequency is fully coupled to a 
relative mode sideband. Ilowever, as soon ;t’ the resonant fre- 
quency shifts from the. full coupling condition, the rise time 
goes to much higher values, increasing by a factor 104. 
These results are explained by the fact that for such a short 
machine two consecutive stable or unstable sidebands are 
spaced of ahout the revolution frcqucncy, i.e. 1 MHz. A sin- 
gle high Q HOM may excite only one relative mode at time. 
The Instability rise time is due to the resistive impedance of 
the para‘;itic, resonator at the sideband frcqucncy. Its effect is 
maximum when the resonant frcqucncy overlaps an “unstable” 
rclatlve mode sideband. For Qr < 500, corresponding to a 
shunt impedance of 10 kCJ of the sample HOM, the rise time 
remains above 100 ps for all relative modes that, thercforc, 
can he stabilized by a powerful feedback system. In this caSc 
the resonator bandwidth is large enough to cover two 
consecutive unstable sidebands, so that a frequency shift of the 
HOM is incffcxtive. A compensation effect, occurring around 
s = 0 (an identical compensation happens for s = 15) because 
of the Robiinson damping, is also recognized. 

Ill 1'1g. 2 we plot versus the frequency what is the shunt 
impedance exciting the instability with a rise time r=lOO ps, 

for a storccl current of 0.1, 0.5, 1 .O and 1 .S Ampere. On the 
same plot are reported for comparison the parasitic shunt 
impedance:; of the “day one” cavity [6] proposed for the 
bepinnmg of the machine operation. 
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Figure 2. Log10 [Rs(n>l vs. y (* lo9 rad/sec) for 
T = 100 ps; I, = 0.1, 0.5, 1.0 , 1.5 A. 

The results show that, despite the small contribution of 
the cavity to the overall parasitic loss, many individual modes 
are characterized by a shunt impedance too high for storing 
1.3 Amps. A recent further optimization of the cavity shape 
has improved the shunt impedance of the TM011 by a factor 
6, and within the present constrains, we hardly expect that a 
further optimization of the cavity shape can reduce the HOM 
shunt impedances below the desired values. This goal can in 
principle be pursued by developing either the damping 
technique (by coupling the cavity to energy absorbers such as 
loops, loaded waveguides etc.), or the shifting technique, 
changing the resonant HOM frequency such that the resistive 
coupling impedance is strongly reduced. R&D activities on 
this field are reported in Ref.[6]. It seems hard today, however, 
to control the frequency of many potentially dangerous modes, 
whereas damping techniques based on the absorption of the 
cm. energy stored in the HOMs, by means of antennas or 
waveguide couplers look more promising. 
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