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* PIP-Il I1s a linear accelerator that encompasses a set of upgrades field (T) calculated
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* The central element of PIP-Il is a new 800 MeV superconducting B,,c=1T
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* It accelerates the beam from 2.1 MeV to 800 MeV and includes five
types of SC cavities to cover the entire velocity range required for
acceleration of H™ (or protons)
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In the first three sections, HWR, SSR1 and SSR2, superconducting solenoids were Solenoid position (m) Energy (MeV)
chosen to provide transverse focusing. In the last two sections, LB650 and HB650, Angle of rotation in PIP-Il solenoids Angle of rotation in PIP-Il solenoids
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» Solenoids are a long straight coill of 215/ z1 215/
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nearly uniform magnetic field R o w R
» The magnetic field is concentrated in solenoid position {m =nergy {Mev)
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* Used to contain and transport low In Solenoidal Focusing Channel
momentum particles in helical b2 2 Where
Equation of motion in a Solenoid . . . . X kS y + kq X = O
trajectories along the field lines and 5 5 B G
are utilized to focus low energy beam y' tks'x —kg"y =0 ke = |=— kg= |—
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£ 20. * Using the force equation F = qv x B, _ _ _ \ - V
8 we can find the trajectory for a charged  Two scenarios, one with the equation of motion in a solenoid from a
: . particle in a solenoid relativistic perspective, in terms of position, where t = vi (analytical), and
1°Wo Do sin(wt) — vyg cos(wt) + Vg one with a system of coupled second order differential equations solved
ostoniny N 0o X = Z) = + X numerically using Matlab
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using Matlab in terms of time. As expected, Y = + Yo X107 o Lnaiytical
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Solenoids provide axial symmetric focusing and are compact relative | | 3
to quadrupole magnets. Quadrupoles focus beam in one plane while ol ;\6\\/1/2
defocusing in the other plane. HWR, SSR1 and SSR2 cavities result in R T T
a weak quadrupole defocusing. Solenoids could compensate this Both plots above are with the case of k, = 0
weak asymmetric focusing. The_ obj_ective of this work Is to develop a . x10° Comparing direction . Compared both . ?moparing helical motion
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theory to understand and explain this effect. \ solutions and 10°[@kais0
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In PIP-II, there are parameters that are calculated to understand the trajectory from -
particle beam dynamics and to verify the charged particle path. Data i T e T the data collected ><10'3\6\5\/1/2
was collected from simulations of the magnetic fields for HWR, SSR1, X (m) <10 X (m) ° s(m)
and SSR2. Using the data, we calculated solenoid parameters used Both plots above are with the case of k; # 0
for PIP-II Linac In order to keep the particles on a design h.
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A study was performed to understand charge particle motion in the solenoid.
Equation of motion was derived analytically as well as solved numerically.
Results were benchmarked for two cases. Solenoidal focal lengths and
beam rotation angles in the PIP-1l SRF linac were evaluated. Equation of

' w - w - motion In a solenoid focusing channel with a quadrupole field component is
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Distance (m) Distance (m) Distance (m) solved and analyzed. The theory is still being developed. This work will
Magnetic fields in HWR, SSR1 and SSR2 solenoids, normalized for 1 T contribute to further research on applications of solenoid focusing.
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