2 TRIUMF o s

May 30, 2023

ISAC RF Booster Insertion Optics

Olivier Shelbaya, Rick Baartman

TRIUMF

Abstract: This report presents a new electrostatic quadrupole optics to accom-
modate ISAC-RFQ beam injection while also producing a round waist inside the
triple-gap RF booster cavity, located upstream of the RFQ.
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1 Introduction

This note presents a new beam optics necessary to accommodate the triple-gap rf booster cavity[1],
located upstream of the ISAC-RFQ and downstream of the prebuncher[2]. Two principal applica-
tions of the new triple gap structure are presented, including space charge compensation in which
the longitudinal bunch length is corrected with the cavity, in addition to injected RFQ beam energy
compensation. This does not claim to show an exhaustive study of the booster-RFQ relationship,
but rather to demonstrate the feasibility of the new RFQ injection optics design.

2 Lattice Concept

This section presents the periodic lattice as originally devised in TRANSOPTR. For the final dimen-
sions, see Section 5. The basic structure consists of three quadrupoles, mirrored and repeated
three times-over. Figure 1 shows beamspot imaging from the RF booster midpoint to RFQ injection,
using six quadrupoles mirrored about the mid-point of the plot. By design, the tune is computed
to produce ri5 =734 =0 at the symmetry point (Fig. 1, SYM), while producing Ma; = My3 =0 from
end-to-end. Tying the quadrupoles together will keep the number of adjustable setpoints minimal.
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Figure 1: TRANSOPTR computed (z,y) envelopes showing a focus-to-focus, starting at the RF
booster midpoint and terminating at RFQ injection. Quadrupole relative focal strengths are shown
in grey. Symmetry point SYM delineated with dotted blue line.

Figure 2 shows envelopes from the ISAC prebuncher[3] to ISAC-RFQ injection, zeroing Ms; and
Mys. For reference, the original optics’ tune is shown as dotted lines. Injection and acceleration
in the ISAC-RFQ[4, 5] is shown in Figure 3, with the simulation ending at the rough location of the
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chopperslit[6]. In Figure 5, the booster cavity corrects the beam E/A from 1.7 keV/u t0 2.04 keV /u.
The new optics maintain the ability to inject beam into the RFQ. Since beam energy can change
downstream of the booster, the first three new quadrupoles are independently powered from the last
six. Figure 4 shows the RF booster enabled, with a bunch charge of 5x10~13C, in which the space
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Figure 2: TRANSOPTR (z,y) envelopes showing a focus-to-focus, starting at the ISAC prebuncher
midpoint and terminating at RFQ injection. Quadrupole relative focal strengths are shown in grey.
Symmetry point SYM delineated with dotted blue line. An emittance of 50um is used.

charge self-force causes degradation of the longitudinal time-focus induced by the prebuncher. The
booster has been used to re-establish a time-focus at RFQ injection.
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Figure 3: TRANSOPTR (z,y) envelopes showing transport from prebuncher-focus to MEBT:RPMS5,
including RFQ acceleration to £ /A =153 keV/u, up to the MEBT chopperslit. An emittance of 50m

is used.
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Figure 4: TRANSOPTR (z,y) envelopes showing transport from prebuncher-focus to MEBT:RPMS5,
including RFQ acceleration to £/A=153keV/u and RF booster compensation, up to the MEBT
chopperslit. An emittance of 50um is used.
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3 CANREB Tie-In: Adjusting Dimensions

The RFQ injection line will intersect a beamline from the CANREB section, shown in Figure 6. The
original optics are shown in Figure 7. The location of the cross with respect to the new optics is
shown in Fig. 8, with the CANREB line as the horizontal blue lines, showing the centerpoint and
15cm width of the vacuum line. The new RFQ optics originally placed a Q3 type quadrupole,
of effective length 5.89 cm, near to the CANREB-to-ISAC beamline. This creates an asymmetric
transverse constraint, which allows for an unobstructed circle of radius 3.08 cm to be centered on
the beam axis, shown in Figure 9. This would have limited CANREB envelopes must be kept
below this radius for full transmission. This may also cause a steering sensitivity to transmission, if
beam from CANRERB is slightly off axis. Additionally, the physical length of the quadrupole including

skimmer plates will exceed the effective length, increasing the constraint.
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Figure 5: TRANSOPTR (z,y) envelopes showing rf booster RFQ injection energy compensation,
from prebuncher-focus to MEBT:RPM5, including RFQ acceleration to E/A =153 keV/u, up to the
MEBT chopperslit. An emittance of 50um is used. Since the beam energy changes across the
booster, the second and third period (quadrupoles downstream of the booster) are decoupled from
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To resolve this issue, the quadrupole g3 in the period is moved 5cm away from the symmetry
point, effectively extending the gq3-q3 drift by 10cm in Figure 1. The envelopes produced by this
modification are shown in Figure 10 and the layout with CANREB line in Fig.11. The first three
quadrupoles downstream of ILT:Q48 are independently driven, with the second and third period
quadrupoles tied-in together. This produces a six parameter optimization which is easily handled
by TRANSOPTR and provides flexibility for interoperability with the upstream bend section.
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Figure 6: Annotated rendering of CANREB-IRA cross, used for beamline overlap estimation. This
drawing and the known electrode length for IRA:Q2 (2”) has been used to estimate the location of
the cross with respect to the new injection optics.



TRI-BN-23-13

y [cm]

50 r

-100 - :
bs‘b
Q
-150 - &'-‘C
~ Ob,o’
& $%
3
o
ggoi%;b
-200 - e
/\K/ o
&
’Sw«;(’
oF
250 - -
R
T O
2300 - o &
&
Reig
&
350 - ® -
Io%
I
&
Q
i
_400 | | | |
0 50 100 150 200

X [cm]

Page 7

Figure 7: Original ILT/IRA beamline layout, for reference. Beam propagates clockwise from top left

to bottom right.
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Figure 8: New ILT/IRA beamline layout, with original Q3 positions. Beam propagates clockwise
from top left to bottom right. Blue horizontal lines show width of CANREB vacuum beamline at
location of cross, shown in Figure 6. The new quadrupole Q3, of effective length 5.89cm, is
expected to create a half-aperture constraint allowing for a maximum 6 cm round beamspot at the
cross. Since this exceeds any likely beamsize for CANREB to ISAC tunes, it should produce no
obstruction to beam transport.
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View on CANREB beam axis, looking downstream
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Figure 9: Cross sectional representation, viewed from the CANREB line and looking downstream,
at the location of the cross.
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4 Steering and Diagnostics

A reverse-progatation model of the injection optics is built and shown in Figure 12, using the tune
from Figure 10. The reference particle has been started with a 1 cm offset but no transverse mo-
mentum, showing the transverse kicks received by the quadrupoles. For a steerer to have a mean-
ingful effect, the impulse should be given where nontrivial position-momentum correlations exist,
in other words where the centroid exhibits a slope. Note that the original ILT/IRA optics for this
segment makes use of two sets of (x,y,) steerers, for reference. In Fig.12, free areas which are
potentially suitable to receive a steerer assembly are highlighted in grey along with the approximate
clearance area along the optical axis. This, together with the reference particle’s centroid location
allows for the identification of four locations where (z, i) corrective steering can be located.
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Figure 10: TRANSOPTR computed (z,y) envelopes showing a focus-to-focus, with corrected Q3
positions, starting at the ISAC prebuncher midpoint and terminating at RFQ injection. Quadrupole

relative focal strengths are shown in grey. An emittance of 50um is used.
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Figure 11: New ILT/IRA beamline layout, with corrected Q3 positions. Beam propagates clock-
wise from top left to bottom right. Blue horizontal lines show width of CANREB vacuum beamline

at location of cross, shown in Figure 6.
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The identified steerer locations in Fig. 12 are demonstrated in Fig.13. This time, the reference
particle is forward-propagated through the optics, again with the same tune. The effect of the se-
lected steerers is demonstrated this time suing centroid errors of (z, z') = (—y,y’) = (2mm, 15mrad)
shown in Figure 13. The chosen locations enable a reduction of the off-axis error through the RF
booster, in addition to the second and third periods of the new lattice. The RFQ injection error can
also be minimized. Transverse intensity distribution imaging at two locations, both upstream and
downstream of the booster, will enable comprehensive studies of the injected beam properties. A
new fast Faraday cup device should be installed between the quadrupoles g2-g3 which follow the
RF booster, with an available empty space of roughly 15cm between devices. This will enable
recording of the injected time-structure into the RFQ, enabling characterization of the prebuncher’s
time focus, even in cases where the RF booster is unused. For booster usage, the time-diagnostic
will be essential for characterizing the longitudinal injection correction of the rf device.
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Figure 12: A reversed TRANSOPTR model of the new injection optics, showing reference particle
centroids for (z, y), starting at RFQ entrance and ending into the ILT line. Beam has been started
with a 1 cm offset in (x,y), but zero divergence. Shaded grey ares show possible locations for
transverse steerers. For good effect, corrective steerers should be placed at locations where
significant position-momentum correlations exist. Rough locations where this conditions exist and
free space is available are labeled x-steer.and
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Figure 13: TRANSOPTR computed (z,y) Frenet-Serret (FS) centroids for (z,y) with corrected Q3
positions, starting 50cm upstream of the new injection optics. Steerer positions are shown as
vertical dotted lines, and allow for the reduction of the centroid errors in both rf booster and RFQ
injection. The uncorrected FS errors are shown as dotted lines, while the corrected centroids are

solid.
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5 Select fort.label Centerpoints For New Layout
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6 Select fort.label Centerpoints For Original Layout
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7 Conclusion

This report has presented a first order optics model of a prospective new RFQ injection optics. The
design accomodates the new RF booster cavity, by minimizing the transverse extent of the beam
inside the rf structure’s drift tubes. This is achieved by using a symmetric triplet assemlby which
produces a waist-to-waist condition both at the booster’s centrepoint and at ISAC-RFQ injection.
Dimensions of this layout have been provided. This document is intended to serve as a basis for a
final mechanical design, which will conform to the optics presented herein.
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