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Outline

e Kicker overview and 6T scenario
* Will report on studies from:

e Saara Chikh (Master’s Thesis) in Liverpool

e Zejia Lu (SJTU PhD): 3-coil kicker design




Overview of J-PARC muon g-2/EDM
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Fig. 1 Schematic view of the muon g — 2/EDM experiment at J-PARC MLF.

M. Abe et al, physics.ins-det:1901.03047 (2019)
See yesterday’s presentations by Mibe-san and earlier

presentations by Ogawa-san and Cedric
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3D spiral injection
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Fermilab-like injection would require 30 mrad kick
in 7 ns -> unfeasible = 3D injection instead

Such a scheme requires final kick to compress p on
2D storage plane and limit VBO to 5cm
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3T kicker design

* Pair of single-turn coils in anti-Helmholtz configuration
e Switched on and off within ~125 ns, with peak current 1kA

* Challenge at 6T: we cannot simply double everything! Breakdown voltage limit!
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Saara’s studies

* Goal: characterize best kicker configuration, with 1kA, in 6T
case

* Procedure for each set of kicker parameters (pre-existent
configuration files):

1. Find reference trajectory from inverse tracking

2. Evaluate acceptance (4D phase-space that allows storage)

3. Compare 6T scenario (all fields scaled by 2) with 3T




Results from Saara’s studies

Inverse tracking: ref Scan of X/X'/Y/Y’
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Summary of findings

e 2-coil kicker was verified to be feasible in 6T scenario by simply scaling
fields by 2

» Acceptance was evaluated for different set of kicker parameters (coil
separation, shape of coils, eddy currents on/off) to find optimal
configuration in 6T: similar but slightly bigger coil separation than 3T

* Limitations and further steps:
- Basic assumption that «all fields scale by 2» in 6T case
- Need to consider realistic pulse timing
- Investigate more kicker field conditions: e.g. consider non-cylindrical
coils, sample bigger/finer set of kicker parameters
- Take hardware constraints into account




Zejia’s 3-coil kicker design ~

* Goal: study feasibility and possible advantages
of 3-coil kicker design in 6T scenario o

[ P ro Ce d u re S O fa r : o 3T 6T(simply scale 2) 6T(old Kicker)

1. Compare acceptance of original 3T design with new design of 3-coil
kicker in 6T scenario

2. Refine 3-coil model with realistic current/inductance calculations

3. Scan on kicker parameters to find optimal configuration — now
performed with Bayesian optimization




Preliminary results on 3-coil kicker
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3 coils: 2 upper coils with positive current,

1 lower coil with negative current
In simplified 6T scenario, the acceptance

Bz=3T

is double w.r.t. 2-coil design! This is
promising '/

e Simplified case: same current in 2 upper
coils, inductance not evaluated

* More realistic scenario: inductance taken
Into account
- Current distribution in coils and vessel
calculated with some assumptions

* Only surface current exists.
» The flux of any loops inside one colil is the same.
« The total current of each coil is given.

« The flux of the vessel is zero.

- Inductance calculated as L = ¢ /I and
kicker current scaled accordingly
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Results and future prospects

: . 2. Calculate the . . .
il et * Scan on kicker z width: optimal
shape and position el s

parameter yields acceptance which is

~1.6 times better than the 2-coil design!
acceptance kicker current

* Bayesian Tree-structured Parzen Estimator: 50 trials to optimize 8
parameters (kicker geometry, timing, current; weak focusing strength)

* Optimal parameters yield acceptance which is again ~1.6 times better
than the 2-coil desigh = we were already working around the best
configuration

* Future optimization will include robustness checks: e.g. including the
tunnel and FEM calculation of magnetic field
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