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Abstract deviation of Af, = Af. +df > Af.. For this par-

The AGS accumulates four batches of two bunches froFtHCle o be reflected by the barrier, the height of the bar-

the 1 5GeV Booster afr.5Hz. At an intensity ofs x 1013 rier must be such that it would reflect particles with a fre-

protons per AGS cycle, slow beam loss during 4héms guency deviation oA f;, if it were stationary. After reflect-
' ing off the moving barrier the particle has a frequency de-

accumulation time is important. The experiment demon\?iation of —Af, — 23 f which is larger in magnitude than

strated the principle of accumulating beam and storing g . ; . : :
; X X . -~ Af,., consistent with adiabatic compression. For our ex-
in an essentially debunched state by using barrier cavities:

. L <
When the beam is de-bunched the peak-to-average currdi Iment, the initial frequency spread s | ~ 60Hz,

: : . corresponding t@o(p)/p &~ 0.14% and the barrier veloc-
ratio drops by an order of magnitude. By using two bar:
: o . . ity was|d f| < 7.5Hz.
riers with time varying relative phase, any number of in-
jections is possible, limited only by the momentum accep- Even if the voltage is large enough to trap the beam,
tance of the ring. In a test with beam, six injections of onehanging the relative phase of the two barriers creates the
bunch yielded3 x 103 protons in the AGS. The benefits possibility of emittance growth. An integrable model of
of reduced space charge tune shift from lower peak curreifitis process exists and can be used to obtain a general rule

suggest that barrier cavities may be a path to higher AGS thumb. Consider the one-dimensional motion of a parti-

intensities. cle trapped between two perfectly reflecting walls. The par-
ticle coordinate is given by and the conjugate momentum
1 PRINCIPLE OF OPERATION isp = z. One wall is fixed att = 0 and the other is lo-

cated atr = A(¢). The Hamiltonianis? = p?/2+U (x, \)
A gap in an otherwise dc beam can be maintained withwehereU (z, A) is the potential due to the reflecting walls at
barrier cavity [1, 2]. The cavity provides an impulse oflon+ = 0 andz = A. The action is given by = A|p|/=
gitudinal voltage to the beam, phased so as to repel beamd the anglé is defined implicitly byz = As(f), where
as opposed to capturing it. If the duration of the impulse(#) is periodic with period2nr and 5(6) = |6|/= for
is much shorter than the revolution period the beam wilp| < =. A generator of Goldstein’s third type [3, pg 384]
be essentially debunched, but for the gap. The voltagg(p, #,t) = —A(¢)ps(¢) connects the new and old coor-
impulse used here was a single sinewaveldfHz trig- dinates. For time varying the Hamiltonian in the new
gered at the revolution frequency ®f5kHz. A peak volt- coordinates is given by
age of12kV per cavity allowed for a momentum deviation
(Pmaz — Pavg)/Pavg = 0.3% in the stored beam.

2
Us_ing two barr_iers opens the possibility of some usefpl H(J,0,1) = ”_2 (Jz _ 2Jf(9)/\/'\/7r) N
manipulations with the beam, such as changing the size 2/\2
of the gap in the beam by rotating the phase of the trig- _ Lh(J 6, 2\) 2)
ger of one cavity with respect to the other. Processes of 22207 ’

this sort place additional constraints on the required cavity

voltage, much in the way that the bucket area of an aCC'%heref(@) is periodic with periodr and f(8) = 6/ for
ating bucket in a normal rf system depends on both the ca) | < 7 If /\/'\/F — J = constant then, sincelH /dt =

ity voltage and the synchronous phase. More specificall H [0t h(J,0 /\/'\) —J2_ Qij(g) is a constant of the

let f, be the.ideal revqluti.on'frequer?cy. Suppose that the, i, To obtain an adiabaticity parameter consider an
phase at which a barrier is fired varies@s = +nd /Ty initial distribution of particles with/ = J and distributed

where each barrier moves to compress the stored be%r?riformlyin 6. For this distributionh — J2| < |2J.J|, and
Consider a particle with a frequency deviation with respeghe particles are uniformly distributed in “Let this dis-

totheringf — fo = Af, > 0. This particle will move i tion of particles evolve. In the worst case, complete

forward thrqugh the bunch and gngounter a barrigr mo\f)'hase mixing occurs and the particles fill out a uniform
ing toward it with frequency deviatiordf < 0. With  isyibytion in bothi and¢. ForJ > [2J] the final ac-

respect to the moving barrier the particle has a frequengy . yistribution satisfies/ — J| < |27, and the fractional

*Work performed under the auspices of the United States Departmedfhittance increase will be |J|/J. For our experiment
of Energy. |J|/J ~ |0f/Af] ~0.1.




2 RF CONSIDERATIONS

Our experiment used two of the ten rf cavities in the AGS
configured for dedicated barrier cavity operation. The load}
ing capacitors at the four gaps were reduced fridih to
300pF.The rf feedback system was replaced with a broad
band matching network at the grid of the0kW tetrode.
The network matched#&)m coax line to alkW broadband

power amplifier at the surface. The tetrode acts like a cuf
rent source and cavity current is programmed to generate
the barrier sinewave with a minimum of residual voltage
between pulses. Approximatelp0A were needed to at-

tain 3kV on each of the 4 cavity gaps. To optimize the
quality of the waveform, empirical fine tuning of the grid

drive voltage pulse shape was used to compensate for ngn-
linearities at high power and spurious structure resonances.

The basic shape of the current pulse can be found by modigre 1: Barrier cavity voltage and current for one turn.

eling the cavity as a parallel RLC circuit [4]. The voltage
across each circuit element is the same, and the total cur-
rent through the cavity is the sum of the currenteacth 125
element,

I(t) = Vi) + l/V(t’)dt’ + Cd‘;—f). 3 100

0

For the isolated sinewave used here

Vi) = Vosin(wt) 0<wt<2rm @) 75
(t) = 0 otherwise,
the required current is

50

I(t) = = —|——L—|—V0 cos(wt)

Vosin(wt) W
wl

wc-=).

when 0 < wt < 27 and vanishes otherwise. Fig- 25
ure 1 shows the current and voltage waveforms from equa-
tion (5) for@ = 5 on resonance.
Some remarks on equation (5):
0

1. when the cavity is on resonance the current is in
phase with the voltage,

2. whenR is large (high@), and the cavity is on
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resonance the current is just a square pulse,  Figure 2: Mountain range display of the sum of the rf volt-

3. the initial value of the current does not depen
on R and the notion that one needs a lgyw 6.

cavity capable ofresistively supporting many 1S in#S, (2-9us per turn).

Fourier modes does not apply.

Figure 2 shows a mountain range plot of a composite signal

3 RESULTS WITH BEAM

@ge from the two barrier cavities for 6 transfers. There are
Oms = 2048 turns between traces and the horizontal axis

made by summing the gap voltage monitors from the twBarrier cavities enable two capabilities valuable for high
barrier cavities. One cavity remains fixed in phase whilentensity beams. Where space charge is important, the low
the other moves once around the entire revolution periqukak current of the quasi-debunched beam can be advanta-
and then moves out BY0° in 133ms, four times, to clear a geous. For accumulating beam, thdigyoto open space on
fresh gap in the beam for subsequent injections. the ring for multiple injections eliminates constraints on the



guency horizontal signal. During normal operations only
vertical transverse instabilities are seen and the machine
lattice was essentially the same as for normal operations.
We suspect that the large high frequency horizontal sig-
nal was due to the longitudinal microwave instability cou-
pling to transverse motion via dispersion. This conclusion
is further supported by the fact that thresholds for fast lon-
gitudinal instabilities scale ab..;Z/n o dp” while fast
transverse instabilities scale Bs.x 7, o dp. During adi-
abatic debunct,... o dp so the threshold impedance for
transverse instabilities does not change while the threshold
impedance for longitudinal instabilities decreases linearly
with dp. In any case, the instability was cured by increas-
ing the momentum spread using2ékV high frequency
cavity running at: & 270.

For the third mode of operation the emittance was inten-
tionally allowed to grow with each injection. A controlled
emittance blow up by a factor ot two to three is standard op-
eration for the AGS at high intensity. The phasing program
of the cavities is shown in Figure 2. No attempt was made
to match momentum spread of the new and stored beam. A
mountain range display of the resistive wall current monitor

is shown in Figure 3. Six injections accumulates 10'3
IIII|IIIIIIII|IIII|IIII|II protons_
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4 CONCLUSIONS

6I'he barrier bucket experiment has demonstrated the capa-
bility of accumulating debunched beam and of repeatedly
opening space on the ring for multiple injections, by us-
ing isolated sinewave voltages. By manipulating the rela-

number of injections. Conservation of longitudinal emitVe phase between the two barrier cavitities the momentum
read and the peak current were controlled so as to pre-

tance is possible but intentional emittance blow up is alsy

an option. We have carried out three different operationsserve longitudinal emittance and, alternatively, to increase

with the two barrier cavities in the AGS. In the first run Weemittance. These capabilities could be exploited to increase
tested the adiabaticity condition by injecting one bunch otPe intensity of the AGS.
about200ns length with2¢(p)/p = 0.14% and stretching

it out to 2.5us in 200ms. The bunch was then compressed 5 ACKNOWLEDGMENTS

to close its original length in the same time. No quantitarye gyccessful completion of these experiments required
tive measurement of emittance growth was made but bgsme rather nifty last-minute solutions to some rather

cause the beam remained trapped between the barriers, dlie,iqaple |ast-minute technical obstacles. The staff of the
momentum height of the barrier implies that the emittancg g (¢ group is commended for not taking “i

impossible” as
no more than doubled. _ _ a reason to give up trying.
In the second test, aimed at preserving emittance, mul-

Figure 3: Mountain range display of beam current for
transfers. There ar@0ms = 2048 turns between traces
and the horizontal axis is ins.

tiple injections of one bunch were carried out. The first

bunch was debunched as above. For subsequent bunches 6 REFERENCES
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