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Abstract
TheJ-PARCmuon g-2/EDM experiment(E34) will usean unprecedentedtechnique,the Three-DimensionalSpiralInjection Scheme,to inject
the beam into a 66 cm diameter storageorbit, which is about 1/ 20th of the previous experiment (BNL-E821). In order to establish the
injection scheme,we are currently demonstrating the 3-D spiral injection on an electron gun test bench. In this scheme,the beam is
injectedat an angleinto the solenoidalstoragemagnet. Thevertical beammotion alongthe solenoidaxisis controlled by a pulsekickerof a
few 100 ns time duration. Oncethe beam is guided near the storageplane, a weak focusingmagneticfield holds the beam in betatron
oscillationsand storesit in an almost two-dimensionalplanewithout usingan electric field. Therefore,a stableand accuratecontrol of the
pulsekickerandthe weakfocusingmagneticfield isone of the major technicalchallengesto realizethis experiment.
Thetuning of the parametersof the weak focusingmagneticfield (static field) and the kickermagneticfield (dynamicfield) is very coupled,
and the mutual adjustmentof theseparametersisessentialfor the beamstorage.
In this presentation, we discussthe results and considerationof our study of the best solution for the time range of kicker timing by
changingthe parametersof the weakfocusingmagneticfield and the kickermagneticfield. In addition, we will discussthe differencein the
pitch angleacceptancewhen changingthe weakfocusingfield flux.
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Image of the beam orbit injected by the 3-D spiral injection
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ÅThe J-PARC muon g-2/EDM experiment (E34) will use an 
unprecedented technique, the Three-Dimensional Spiral Injection 
Scheme, to inject the beam into a 66 cm diameter storage orbit, 
which is about 1/20th of the previous experiment (BNL-E821).

Storage planeVertical kick
ҦForthe successof this injection, the generationof the kicker field
that givesthis vertical kick is essentialand giving the accuratekick
and holding it in the weak focusingmagneticfield is directly related
to the high injection efficiencyof the beam.

J-PARC
66 cm

Solenoid magnet

Difference between with and without 
kicker when a single particle is injected.

Introduction ~the 3 -D Spiral Injection~
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How do we store the beam?
1. The beam is injected into the storage

solenoid magnet moves in a spiral motion
usingthe fringe field of the solenoidmagnet.

2. Createa radial kicker magneticfield to givea
vertical kick(Vertical force according to
Fleming'sleft-handrule).

3. This vertical kick guides the beam near the
storageplane.

4. A weak focusing magnetic field holds the
beam in Betatron oscillation and stores it in
an almost two-dimensional plane without
usinganelectric field.
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BNL-E821

Inflector



In order to establish the injection method, we will demonstrate 
the 3-D spiral injection on an electron gun test bench which is a 
scaled-down version of the production experiment.

In the future, we will install the pulse magnetic field kicker 
device in the storage magnet.

I am mainly studying this kicker device andstorage magnet .

3Schematic diagram of the electron gun test bench at KEK

Demonstration of the 3 -D spiral injection using the electron beam

Prototype pulse magnetic field 
kicker device for our test bench



ÅPrinciple of Operation
ÅCreate a radial magnetic field by applying a pulse current in the reverse direction to one turn coils symmetrical 

above and below the storage plane.

ÅAdvantages
ÅThe pulse magnetic field generation time can span multiple cyclotron cycles.
ÅThe solenoid axial magnetic field is a canceling magnetic field distribution.
ÅVertical kick can be given without disturbing the orbital center because the kick field is axisymmetric.
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Calculation result of the magnetic field 
distribution created by the coil (at r = 12cm)

Pulse magnetic field kicker device 
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Image of the kicker coil creating the kicker magnetic field
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Generation and distribution of weak focusing magnetic field

ÅOur storagesolenoidmagnetcan create the weak focusing
magnetic field around the storage plane by changingthe
currentbalancebetweenthe maincoilandthe auxiliarycoil.
ÅThebeamcanbe held by betatron oscillationnear the storage

planewithout usinganelectricfield.

ÅIn this study, we consider three different models of weak
focusingmagneticfield : "none", "medium",and"strong".

None

Medium

Strong

None

Medium

Strong

Photo of the solenoid coil inside the storage magnet

Current balance
Noneʾ ʾʾMain:8.14A, Aux:4.40A

MediumʾʾMain:8.76A, Aux:6.84A

StrongʾʾʾMain:9.35A, Aux:9.16A

Auxiliary coil

Solenoid 

main coil

Magnetic field distribution of the weak focusing field



Examples of pitch angles for each weak focusing magnetic field model
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Change the weak focusing magnetic field flux

None

Medium

Strong

ÅEffect of different weak focusing magnetic field distributions on the pitch angle acceptance

ÅConsideration
ÅThestrongerthe weakfocusingmagneticfield is the larger the pitch angleacceptancethat canbe stored.
ÅFor the multi-particle model, the pitch anglealignment of the stored particlescanbe changedby tuning

the weakfocusingmagneticfield.
Ҧ¢ƘŜbalanceof injection efficiencyneedsto be considered.

StrongMedium
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weak focus
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weak focus

(Strong)
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Kicker current signal 
acquired by CT

Triggersignal

Kicker current signal as 
seen on the oscilloscope

Supply voltage : ▓╥

▪▼
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ÅBased on the specifications of the pulse power supply, the actual kicker device's current waveform signal 
was acquired by CT.
ÅThe pulse power supply aloneҦConfirmed to meet the specification.
ÅThe pulse power supply + kicker coilҦThe fall time is 100 ns, which is different from the specification.
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Actual pulse current waveform

Main specifications of pulse power supply 
for kicker for electron gun test bench

Pulse power supply for kicker for 
the electron gun test bench

Made by PPJ

Duration time is longdue to the pulsepower supplylimitations.

ҦHowmuchdoesthis changethe kickertiming?

ҦConductbeamorbit calculationswith a waveformcloseto the actualcurrent waveform.

Pulse current source
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Assume a triangular wave and �n�E�D�V�H�|��for beam orbit calculation

Rise time : ▪▼ Fall time : ▪▼
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ÅAs shown in the figure below, I defined a triangular wave that is close to the real waveform.

ÅUse the parameters in the figure as a "base" for discussion. 

ÅThe time at the injection point is set to t0 = 0 ns. 

ÅParameters that can be changed : ǿŜŀƪ ŦƻŎǳǎƛƴƎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŦƭǳȄόάaŜŘƛǳƳέ �Oά{ǘǊƻƴƎέύ, pitch angle,
peak current, kicker coil position

Duration time : ▪▼
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Change these parameters in this study and discuss.


