A Phase Trombone for the Fermilab PIP-11 Beam Transfer Line*

" Meigin Xiao™, J-F. Francois and D. Johnson
Fe fmi Iab FNAL, Batavia, IL 60510,USA

PHASE TROMBONE DESIGN

* There are 8 FODO cells 1n the BTL straight section lattice. The beta-functions within the
straight are shown i Fig. 6 (solid line -f,, dotted line - ). Three FODO cells (cells 6,7,8,
highlighted) will function as a phase trombone. Six individually powered quadrupoles allow
the lattice functions to remain matched to their nominal design values at both upstream (cell 5
2nd half, marked A in RED) and downstream boundaries (2nd arc entrance, marked B 1n
RED). Within the trombone region the P-functions may vary, allowing an adjustment of the
phase advance accumulated between collimator locations and the foil.

*Two schemes, respectively dubbed symmetric and asymmetric, were investigated. It was

Abstract

The PIP-II beam transfer line (BTL) transports the beam from the PIP-II Linac to the
Booster synchrotron ring. A crucial aspect of the BTL design 1s the collimation system
which play a vital role in removing large amplitude particles that may otherwise miss the
horizontal and vertical edges of the foil at the point of injection into the Booster. To ensure
the effectiveness of the collimators, simulations were conducted to determine optimal
placement within the BTL. These simulations revealed that precise control of the
accumulated phase advances between the collimators and the foil 1s critical. To achieve

COLLIMATION IN THE BTL

* A crucial aspect of the BTL design 1s the collimation system [3]. To minimize the number of parasitic hits, the beam
must be positioned as close as possible to the lower corner of the injection stripping foil. The minimal achievable

fine-tuning of the phase advance, a phase trombone was incorporated within the BTLThis distance 1s a compromise between the number of parasitic hits on the mjection foil and the losses in the Booster o N o NI i 4 v
paper present the design and implementation details of this phase trombone. Injection absorber due to particles populating the distribution tails missing the foil. ound tha t ¢ symmetric scheme results in more Vel cta-functions whtle the TEQUITEE qud
» The role of the collimators is to remove large amplitude particles that might otherwise miss the horizontal and strengths did not exceed the power supply range. Figure 7a presents the beta-functions within
vertical edge of the foil at the point of the Booster injection. By collimating the far tails of the beam transverse spatial the trombone yvhen the phase adyance adjustment 1s set tf). du,=-30° and dp, :'.600' Flg}n‘e 7b
Introduction distribution in a controlled manner one can move the beam closer to the foil edge without causing an increase in fhowbs the entire BTL lattice optics under the same conditions. Notably, the lattice outside the
losses. This illustrated in Fig. 3. rombone section remains unchanged. The phase advance adjustment range of the phase
- - trombone section is (=90°, =90°), in both horizontal and vertical planes. Table 1 lists the
* The Proton Improvement Plan II, or PIP-II, 1s an essential enhancement to the Fermilab {eh numEber? oA P required strengths of the 6 quadrupoles and the maximum beta-functions 1n the trombone
accelerator complex, powering the world’s most intense high-energy neutrino beam on its parasitic hits parasitic hits parasitic hits section for various phase advance settings.
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The PIP-II Beam Transfer Line (BTL) transports the beam from the PIP-II Linac to the I A A A A A A T VALV ARSI \

Booster ring. The optics of the BTL has recently been finalized [2]; a 3D CAD model 1s
shown 1n Fig. 2. The lattice 1s based on 90-deg FODO cells. Four achromatic arcs, each
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comprising four cells are joined by an 8-cell straight section. The design meets e e
requirements for civil .constr.uctlf)n ar.ld avolds m.echam.cal interference with existing Figure 7b: Lattice of the BTL . the phase advance adjustment of du=-30°, di, =-60°.
components. In an earlier design iteration, rolled dipoles in the second arc were used to
bend the beam vertically; this feature has been eliminated and the reference trajectory .
now lies in a single plane. A switched magnet and corresponding septum are in Cell 3 PHASE ADVANCE CORRECTION Table 1: phase advance changes (du,,du,) vs quads strengths, and the maximum f, and f,
and Cell 4 of the straight section and deflects the beam that would have gone to Booster
into the Beam Absorber Line (BAL). A similar setting of a switched magnet and Septum Figure 4 shows that even with optimal positioning of the collimators the spatial distribution edge at the foil with both REy
will be located 1 Cell 7 and Cell 8 for a tuture upgrade which converts the 2-way split horizontal and vertical collimators does not exhibit particularly sharply defined edges. The reason 1s that the accumulated
into a 3-way split providing the option of delivering beam to a MuZ2e experiment. phase advance determines the orientation of the collimator cut in the phase space plane at the foil location, but in the BTL S R B R R o T e
base lattice, the accumulated phase advances between the collimators and the foil are not exactly an integer multiple of . Kavs B e e o I A I
However, by adjusting the accumulated phase advances, a near 1deal edge orientation 1n phase space can be achieved, as Kars 1.209 1.192 1.305 1.130 1.278 1.195 1.115 1347
shown in Flg 5. Kane -1.187 -1.186 -1.293 -1.266 -1.117 -1.112 -1.171 -1.338
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e ' _ o ] | (B). .. (m)  19.969 20.441 21.137 20.866 19.982 25.000 21.166 22.431
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*A phase trombone was incorporated in the BTL lattice. The phase advance adjustment range of
this phase trombone section is (=90°, ==90°), both in horizontal and vertical planes. By adjusting
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l / | the accumulated phase advances between the collimators (both horizontal and vertical) and the
\ I - L F s | / ) i I foil at the Booster injection the trombone a near ideal sharp edge distribution can be achieved at
s - B R R I S I T S AT S T the foil without perturbing matching to the Booster ring.

Figure 4 beam distribution with vertical collimator Figure 5: Distribution at foil after phase advance
Figure 2: 3D CAD Model of the PIP-II complex layout. at cell 1 (2" half cell) and Horizontal collimator at correction applied: -30° in Horizontal and +30° in REFERENCES

cell 2 )15t half cell). No phase advance correction. vertical plane. .
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