
NI^NJEF 
NL92C02-J: 

NATIONAAL INSTITUUT VOOR KERNFYSICA EN HOGE-ENERGIEFYSICA 

NIKHEF-K /AmPS / 91-08 

Injecting into AmPS when ring cavity operates at 476 MHz 

R. Maas 

December 1991 

NIKHEF SECTIE- K POSTBUS 41882,1009 DB AMSTERDAM 



Dec.'91/RM 

Injecting into AmPS when ring cavity operates at 476 MHz 

1 introduction 

The RF requirements for the two modes of AmPS, Stretcher Mode and Storage Mode, are 
different. In Storage Mode, as will be shown below, it is more practical to operate at a lower 
RF-frequency than fRF = 2856 MHz, which is the RF-frequency in Stretcher Mode. A few 
consequences of operating the ring cavity at a lower frequency than the (injecting) linac 
frequency will be reviewed. 

2 why frlng < f„nilc ? 

In Stretcher Mode the RF system operates at f = 2856 MHz. As has been demonstrated in 
AmPS /89-06 ('Influence of RF-parameters on Beam Lifetime'), this RF system can be used 
to store a beam at energies of 600-700 MeV at maximum. If the equilibrium momentum spread 
o£ exceeds the 'natural' value (e.g. by using an internal target), then this maximum energy will 
drop. 

To store a beam at higher energies, a ring RF system operating at a lower frequency is neces
sary; the main reason for this is: 

• the bucketsize ob scales roughly with VRF/fRF « VRF/h: 

0) 

so for a given bucketsize, Ob, the required RF-voltage, and consequently the RF-power, 
is much reduced when fRF is reduced. 

Example from AmPS /89-06 (see Tables 3 & 5): 

fRF = 2856 MHz: E = 900 MeV; oyoE = 7; VRF = 700kV; PRF = 280kW 

fRF = 500MHz: E = 900 MeV; <VGE = 7; VRF«150kV; PRF - 7.5 kW 

2 2 
—cos0, - (1 #,)sin <j>t 
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In the 500 MHz case a single-cell cavity suffices, while at 2856 MHz many cells are needed. 

When oyoE = 10 is needed, the required RF power in case fRF = 2856 MHz exceeds the one-

megawatt level. 

3 Injecting into ring when fring = 476 MHz 

In order to keep a harmonic relation between flinac and f^, the choice f^ = 476 MHz (the 
6th subharmonic of f^^) is a better choice than the frequency of 500 MHz from the example 
above. 
This choice implies that in the present linac/injector situation, each 476 MHz RF-bucket must 
capture 6 consecutive 2856 MHz linac pulses. 
This situation has been shown in Fig's 1 & 2, for two different RF voltages, at E = 900 MeV. 
In both figures the linac pulses are assumed to have a momentum spread of ± 0.1%. The ESC 
system will most likely reduce the momentum spread to a smaller value: ldp/pl « 0.05%. In 
Fig.l (Tb = 0.5%; in Fig.2 <Tb = 0.4%. 

The RF-voltage needed to capture these six pulses is not excessive, as is indicated in 
Fig's I &2. Fig.3 shows the situation after a few synchrotron revolutions (one synchr. tum is 
here typically 50 'real' turns): the six pulses sweep out three distinctive area's in the dp—<> phase 
space. Given sufficient time (see below) the distribution inside the bucket will, due to 
filamentation, become more uniform. As long as only operation in Stretcher Mode is consid
ered, this operation mode seems in principle feasible, although one should keep in mind that the 
beam in the machine will gain a momentumspread equal to the bucket height, say ± 0.4%. 

To use this set-up for Storage Mode, however, is a different story. Then we have to 
consider the quantum lifetime. The quantum lifetime Tq is usually expressed in terms of the 
damping time for energy oscillations, TE: 

T e" 

with b = — 
2 
'°S 2 

\°tj 
,Gb is bucketheight; ac is equilibrium energy spread 

When Gb « oE, i.e. when the bucket is more or less completely filled with panicles, the lifetime 

of such a set-up is short indeed: b = 0.5, so xq ~ T£. 
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Eq.(2) has been derived under the assumption that the particles inside the bucket have some sort 
of long-tailed (e.g. Gaussian), and stationary, distribution. The particles 'leak away' in the 
tail area, where the aperture limit (either in x,y or e) truncates the distribution. 
The situation as shown in Fig.3 is different, however, in the sense that it is not an equilibrium 
distribution: right after the injection the beam will, under the influence of the RF, start to damp 
down (both in x,y and e). The dimensions of the damped beam (in dp—4> phase space) are 
given in Fig.3 as the hatched area around <()s. 
At E = 900 MeV, a£ = 0.043%; in Fig.3 ab = 0.5%, so b = 11.6 which means a very large 
quantum lifetime of the damped beam ; right after injection, however, the value of the b para
meter is somewhere between 1 and 2.5 for the particles in the three swept-out area's. 

So the question is: are there still panicles left after a time equal to a few times Tq, or will most of 

the panicles leak out of the bucket during the damping process (xe = 36 ms at E = 900 MeV) ? 

An exact calculation means setting up a diffusion equation, and trying to solve that for the 
proper boundary conditions. In Dimad one may possibly simulate the process, but the routines 
to simulate this process are not pan of the standard package of Dimad, and thus have to be 
developed specifically for this purpose. Therefore a rough estimate is given first. 

The equilibrium relative energy spread, oc/E0, is given by 

(3) 

with Cq = 3.84 x 10"13m; y = £0 / mtc
2; Jr = 2; p0 is bending radius dipoles (3.3 m) 

The time constant aE (expressed in sec) of the damping process depends, for a given lattice, 

only on the energy E0 

CCE = T;1 = S!L (4) 

c is speed of light; L is circumference of machine (211.62m); U0 is synchr. rad. loss / tum 

The damping of the energy spread can now be described as 

ae(t)^ac + 8ace-a'' (5) 

o*£ is the equilibrium energy spread as given by eq. (3) 

5oE 2 (0E)ifl) - öE 
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{Gt)m} is the (halO-height of the various hatched area's inside the bucket; these values are 

reached within only one quarter of a synchrotron revolution (typically 10-20 turns). Since the 

value of t c is in the order of 40 msec at E = 900 MeV (corresponding to 5 x I04 revolutions), 

we may consider this value as the energyspread of the 'injected' beam (although formally 
(dp/p) inj±0.1%,seeFig.3). 

In order to estimate the loss from the bucket the following boundary conditions are assumed: 

• Bucket size c b = 0.5% (at E = 500 MeV an RF voltage of 175 kV is needed). A larger 

bucket size is undesirable, because in that case the energy oscillations will become loo large 

(for SE/E = ±0.5%. beam excursions of up to 1.3 cm will occur in the curves, due to the 

local dispersion there). 

• The following numbers pertain to E = 500 MeV: 

o £ = 0.024%, so for outer band 6aE = (0.5 - 0.024)% = 0.476% 

middle band 8oE = (0.38 - 0.024)% = 0.356% 

inner band 8at = (0.25 - 0.024)% = 0.226% 

• the 'fate' of each of the three bands in Fig.3 will be treated separately. 

If one assumes that the 'relaxation' time xr of the quantum fluctuations inside the bucket is of 

the order of the damping time x£, then the number of panicles lost in each damping time is [ 1]: 

N». = ^e~" (6) 

b has the same meaning as in eq. (2): only a£ = o(x£), see eq. (5). 

The problem in evaluating (6) lies in the fact that during time xE the value of b also changes, 

since o£ = öE(t). To make things even worse: the relaxation time xr is also not really a constant, 

but, according to [ 11, scales more likely as xr - \yr x£, i.e. the relaxation time becomes shorter 

in the 'tail' area. 

The procedure to estimate the loss is summarized as follows: 

calculate o(t=0), o(t=0.5x£) and c(t=xE), eq.(5) 

calculate then the corresponding b values according to eq. (2) 
determine the number of 'relaxation' times nT = x^x,. in xE 

calculate, according to eq. (6), the loss in each of these nt time intervals 

determine the loss only in the interval 0 < t < x£ 

determine the total loss from these partial losses 

the results can be summarized as follows: 
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outer band (from pulses #1 and #6) loss = 83% 
middle band (from pulses #2 and #5) loss = 75% 
inner band (from pulses #3 and #4) loss =15% 

P ^ > total loss (83 + 75 + 15)/3 = 58 % 

If the phase relation between linac-RF and ringcavity-RF is shifted over 30° w.r.t. the 
situation of Fig.3, one obtains the situation as given in Fig.4: pulse #1 falls just outside the 
bucket. 
In this case pulse #1 will not be captured at all; the loss of pulses #2 and #6 will lie between the 
loss calculated in the previous case for pulse #1&#6 and #2 & #5 respectively: (83% + 75%)/2 
= 78%. 
The loss for pulses #3 & #5 and the central pulse #4 has been calculated in the way described 
above. Results: 

pulses #3 & #5: loss 35% 
pulse #4 loss = 0 

The total loss in this case, therefore, is (100% + 2x78% + 2x35% + 0)/6 = 55% 

This situation seems to give a slightly smaller loss than the previous situation in which initially 
all the pulse were captured. 

The calculations as presented here are subjected to some degree of inaccuracy since expressions 
like eq. (2) have been derived under the assumption that the distribution has a rather long, 
sparsely populated, tail. In the present situation the start-distribution does not fulfil this 
condition. 

4 where will the lost particles end up? 

If no special measures are taken, the particles will 'evaporate' from the bucket and consequently 
the RF-system will not be able to compensate thr synchrotron losses totally: they will end up 
somewhere around the ring. 
If the above-described situation occurs in a storage ring, which will be filled once a day, the 
resulting contamination from the lost panicles is tolerable. In our situation, where an internal 
target will be used, the expected lifetime of the beam is relatively short. This means repeated 
injection of a 'fresh' beam. Under these circumstances an injection loss of 50-60% seems a lot. 
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Since the loss-mechanism of the injection process is quite similar to the phase-shift method 
used in Suetcher Mode to extract the beam from the machine, the contamination of the machine 
can be prevented to a large extend by operating the extraction septum when injecting. The non-
captured particles will be intercepted by the extraction septum, and will end up in the extraction 
channel. From here on, there are two possibilities: 

• transport the panicles through the 2nd part of the BHS, EMIN-area, and dump them in the 
EMIN dump. 

• install an additional dump (right) behind BM704; when running in internal target mode 
(ITM), BM704 should be off, thus allowing the spilled beam to enter this new dump. 

The latter solution has the advantage that the EMIN area is still accessible when running in ITM; 
moreover, no tuning of the BHS + EMIN area is required. 

5 conclusions 

• Injection losses in the range 50-60% may be expected when the (2856 MHz)-linac will 
inject all its pulses into AmPS, operating at fRF = 500 MHz. 

• Since the phase difference between the linac-RF and the ring-RF has very little effect on 
the magnitude of this loss, there should be other reasons for the demand of a harmonic 
relation between flinac and fTing than reduction of the injection losses. 

• The non-stored particles can be directed into the extraction channel by operating the 
extraction septum when injecting for storing a beam, thereby reducing the activation of the 
machine. 

f 1J M. Sands, The physics of electron storage rings, SLAC-121, Nov. 1970 
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Energy: 900 MeV; cavity voltage 340kVif(RF)=476 MHz; h=336 
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Energy: 900 MeV; cavity voltage 340 k.V; jf(RF)=476 MHz; h=336 
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