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Achieving a shorter bunch length in Tevatron would provide a better information on 
the primary vertex and will allow the collider experiments to use shorter vertex detector.’ 
It would also allow an increase of luminosity by a further reduction of the @-functions at 
the interaction point. The conventional path to this goal by using higher RF voltages or 
increasing the number of RF cavities appears however prohibitively expensive.’ I propose 
here an alternative solution of “wakefield focusing” building on the ideas of Alexei Bu~ov~-~ 
for electron storage rings. 

The physics of the wakefield focusing can be explained as follows: the rear particles in 
the bunch are affected by the front particle wakeiields, but not vice versa. Therefore, for the 
flat (step-function) wakefield the rear particles will be stronger decelerated hy the wakelieldr 
than the front ones. For the energies above transition, the longitudinal “mass” is negative, 
and the reduction in energy incurs the reduction in the revolution period. Subsequently, 
above transition the rear particles will tend to “catch up” with the front ones, so that the 
wake&Ids will provide an extra focusing and the bunch length is reduced. Below transition, 
the effect of the wakefield is opposite and the bunch length is increased It is assumed that 
the wakefields decay within one revolution period, so that the corresponding impedance is 
the broadband one. 

An approximately capacitive structure was proposed in Reference 5 in the form of 
a dielectric channel. It would not however be feasible for much longer proton bunches. I 
propose another type of structure for creating the capacitive impedance: a narrow Rat- 
flanked gap in the conducting pipe. A row of such gaps produces an additive effect and 
allows to achieve the high wakefields. 

In Figure 1, electric field pattern is shown at the moment after the hunch passed the 
gap is presented. The simulation was done with the use of the wakefield-calculation code 
TBCX6 This code allows to simulate only the closed cavities, so I added a large cavity on the 
outside of the gap. In the narrowband scheme, the cavity is actually the necessary element 
of the scheme. 
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8 - o&i - 100-200 cm. This is more than the bunch length in Tevatron and is sufficient 
for the purpose of the wakefield focusing with narrowband impedance. 

Figure 1. Electric field lines for the gap-cavity system. 

The wakefield function W(s), is presented in Figure 2. Horizontal scale of the graph 
is in meter units. One can see that after reaching a maximum at distances Y 20 behind the 
peak of the bunch density, the wake function decreases only slightly and stay nearly constant, 
for about 70 cm 

For the purpose of focusing with the broadband impedances, the wakefield has to stay 
nearly constant (after reaching its maximum) for a few sigmas of the bunch dist,ribution.“,4 
In the new scheme with narrowband-type of wake that I propose, there is no need to have 
the wakefield that stays constant for more than 20. For the Tevatron bunch with n z 30 cm, 
this condition is still not well satisfied as the wakefield decreases noticeably after reaching 
the maximum. The reason for that is the leaking of the charge to the outer surface of the 
pope as mentioned above. 

In order to have the maximum possible wakefield focusing in the broadband scheme, 
one needs to achieve the total wakefield potential W,, 
tial VRF. For Tevatron. where VRF 

that equals the maximum RF poten- 
- 1 MV and bunch intensities are about Nv - 1.2. 10” 

(particles per hunch), one can estimate the necessary gap capacitance C I y (with P for 
the inner pipe radius, A the thickness of the wall and h thegap length) as C z .14. 10m3 (m). 
It was assumed here that the gap satisfies the “Rat capacitor” restrictions h < A as well as 
the condition A < r. That small capacitance creates the problem siece it means the short 
discharge time. 

To solve it, I propose the usage of the ferromagnetic filling of the outside cavity. The 
basic idea in our case is that the high permeability of the filling on the outer side of the 
gap (which is not filled) will drastically increase the surface inductance of the outer surface. 
One can expect that the time constant of the leakage to the outer surface will increase as 
7’ - 7&i 

light in 
The other aspect of the advantage of the ferromagnetic filling is that the speed of 
the outside cavity will be reduced by a factor of fi - 50. this means that if there 

are many gaps in a row and they are separated by a distance o = 2-4 cm, the total w&&&l 
will be purely additive with respect to the individual gap wakefields up to the distances 

2 
t 

Figure 2. Wakefield function W(r) for the case of Figure 1 

Overall outlay of the structure can be as follows: Packages of gaps with thin con- 
ducting inserts are alternating with beam pipe section of about 2-S cm long. The outside of 
the pipe is coated with ferrite. Let’s assume 5 cm pipe section will be required. The length 
of the package should be increued to M much as the discharge time limitation allows, but 
increasing it much above IO cm would not gain much. Assume therefore the length of the 
package h = 10 cm. In order to minimize the capacitance C = rA/h, the smallest possible 
radius of the pipe should he taken. For Tevatron, with certain effort one could probably 
achieve about r = 2.5 cm. The width A cannot be reduced to much less the r, but can 
probably be made as small as A = 1 cm. This corresponds to the capacitance of the package 
C = =$ = 0.25. IO-? (m). It would take then about 100 packages and a total length of 
about 15 m (including the space between packages) to achieve the bunch length reduction 
by a factor of 2. The package of rows should be divided t In 
with its own cavity. 

0 several separate structures a& 

Numerical simulation of bunch comprnsion by the adiabatic increu of the wakefield 
was carried out hy implementing the single-turn mappings for each particle that~ included 
both the RF field and the wakefield effects. 

The wakefield intensity parameter L, that is the ratio of the maximum RF voltage 
to the maximum wakefield voltage, is slowly increased from 0. to h over the time period 
much longer than the synchrotron period l/w.. Results are presented in Figure 3, where the 
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center-of-mass displacement o = (2) and size o of the bunch are shown as a function of time 
(measured in turns). 
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Figure 3a, b. Time dependence of (a) h onch displacement (I, and (b) half bunch length 0 
for initial n,, = 0.1, W. = 0.1 and errux = 2.1. Time units are in turns. 

One important feature of this graph is that there is a sudden increase in o and 
oscillations of o that start when displacement (I reaches the value close to 0.5. The reason 
for that is quite simple: when the wakefields are stronger than RF voltage. the beam is 
getting decelerated on each turn (so it will be lost very fast). 

One can see indeed that the adiabatic compression is working but the relative reduc- 
tion of the bunch length for the value of o is quite small. One natural way to remove the 
energy balance limitation is to think up a way to “recycle” the energy of the wakefields and 
return it back to the beam For the structures with the cavity as in Figure 1 this comes 
about quite naturally when the quality factor Q will be high. The energy loss can be made 
arbitrarily small by achieving high Q if the resonant frequency of the cavity w, is tuned not 
close to any of the revolution frequency rnult~iples. The total wakefield force oow has the 
contributions from the previous turns. 

One example of the simulation results of the adiabatic bunch compression with the 
high-Q wakefields (narrowband impedance) is presented in Figure 4. The parameters that. 
specify the broadband component are w,/wo = 514.5, Q = 10290 ( h’ t w IC L corresponds to tbt: 
decay of the wakefield io 20 turns) and main RF harmonic number h = LO28. 

In Figures 4a, b one can see that the bunch is focused to a significantly smaller size 
while the displacement of its center~of-mass is kept at a fairly low value. The latter is the 
indication of the low parasitic loss (small deceleration). This is also the reason why in this 
regime one can raise L to so high value L- = 6.2 without losing the stationary phase regime 
as in the broadband case. 

A more detailed report on this work is to appear shortly as a Fermilah prepriot. Many 
Fermilab people contributed to this work by sharing their expertise and giving useful advice. 
I am particularly thankful to Fady Harfoush for the help with TBCI calculations and to 
David Wildman of dixussions of RF cavity properties. 
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Figure 4a, b. Time depeodence of (a) buoch displacement a, and (b) half hunch length c 
for oe = 0.1, UJ, = 0.1 and fmai = 6.2. Time units are in turns. 
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