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●
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The left figure below shows the nominal RFQ output distribution of 1M particles. The length of the final focal
section (FFS) of the RFQ is designed to avoid the envelopes of either transverse plane being sharply converging,
resulting αx = −0.05 αy = −0.31. This is because we use a quadrupole triple to first magnify the beam and then
squeeze it to let it go through a relatively long and tight aperture section of the chopper and its dump, where there
is no focusing except for the one so called the “chopper quad”, and a beam sharply converging on one plane is
not suited for this.
This reason, however, seems not obvious and has raised questions in the past reviews. So, in this presentation, I
try to match the MEBT lattice to an alternative RFQ output (below right), which is generated from the same RFQ
but with a different length of FFS and whose α's are larger in magnitude (opposite in sign) in both x and y, and
demonstrate that such a distribution is not optimal for our MEBT design.
Please note that a similar study was presented in LINAC'14 but in this study the initial drift length of the MEBT
was fixed against different RFQ outputs. As we see in the following, the optimal initial drift length depends on
the RFQ output so, for this reason, this study might have not covered the “full story” and thus I'm presenting the
following result.
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The right figure shows the envelopes when I use the alternative RFQ output of the
previous page. The quadrupoles are re-adjusted so that the beam is matched to the DTL
and also has the same vertical RMS sizes as the nominal case at the chopper entrance
and the end of the dump. (The strength of the chopper quad is also slightly reduced to
improve the beam quality.)
As seen in the figure, we anyway have to magnify the beam on both plane prior to the
chopper in this design and there is no point to have the beam converging on one plane
and diverging on the other. Compared to the nominal case, the beam is smaller in x in
the region of the chopper and its dump and we can guess that this leads a worse beam
quality in x for the alternative RFQ output.
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In the previous page we saw that the alternative RFQ output with a converging x envelope leads a
smaller beam size in x in the region of the chopper and its dump. This could be avoided by
extending the initial drift in the MEBT. The right figure shows the envelopes of the case when I
increase the initial drift from 15 to 20 cm, as an example. (All the quadrupoles are re-adjusted in
the same was the previous page.)
Please note that the alternative output is generated from a RFQ with a shorter FFS (by ~2 cm) and
so what we did here was (on some level) just to transfer some space from the RFQ to the MEBT.
So, the present MEBT lattice is flexible enough to accept the alternative RFQ output with just a
small modification of the initial drift. But, as seen in the following pages, the combination of the
nominal RFQ output and the MEBT lattice provides a better beam to the DTL.

Nominal

MEBT output

●

●

●

Alt RFQ + 5 cm drift

Alt RFQ

In the following pages, we compare the
beam properties of the 3 cases.
As predicted by looking at the envelope,
the alternative RFQ degrades quality on
the horizontal plane and a strong sign of
the resonance is visible.
“Alt RFQ + 5 cm drift” is better than “Alt
RFQ” but the situation of the halo is still
worse than the nominal case, especially
the horizontal plane.
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The situation is similar to the case of the
MEBT output. The halo is worse compared
to the nominal case but the difference in the
longitudinal plane is very small. (The
longitudinal halo may or may not be reduced
by adjusting the first buncher which is a
parameter.)
Note the alternative cases also have slightly
less transmissions. (May be a good thing for
the SC section.)
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The nominal case gives the smallest
emittances but the difference is not
large.
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As seen in the distributions, there are visible differences in halos and radial densities.

Conclusions
●

●

The length of the final focal section of the ESS RFQ is
adjusted to avoid that the output beam is sharply converging
in either of the transverse plane. This is because the initial
section of the MEBT uses a quadrupole triplet to focus the
beam before entering the section of the chopper and its
dump.
To confirm this point above, an alternative RFQ output with
larger α's in magnitude and opposite signs is generated and
the MEBT lattice is tried to be modified for this output. The
MEBT lattice is proven to be flexible enough to accept such
an distribution, but it is obvious that the nominal RFQ
distribution is better suited for the present MEBT lattice for
both adjusting the envelopes and beam quality

