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Abstract

TheJPARGnuon g-2/EDM experiment (E34) will usean unprecedentedtechnique,the Three DimensionalSpiralinjection Schemeto inject
the beam into a 66 cm diameter storage orbit, which is about 1/20th of the previous experiment (BNL:E321). In order to establishthe
injection scheme,we are currently demonstrating the 3-D spiral injection on an electron gun test bench In this scheme,the beam is
injected at an angleinto the solenoidalstoragemagnet Thevertical beammotion alongthe solenoidaxisis controlled by a pulsekickerof a
few 100 ns time duration. Oncethe beam s guided near the storage plane, a weak focusingmagneticfield holds the beam in betatron
oscillationsand storesit in an almost two-dimensionalplane without usingan electricfield. Therefore,a stable and accuratecontrol of the
pulsekickerandthe weakfocusingmagneticfield is one of the major technicalchallengego realizethis experiment

Thetuning of the parametersof the weak focusingmagneticfield (static field) and the kicker magneticfield (dynamicfield) is very coupled,
andthe mutual adjustmentof theseparametersis essentialfor 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 weak focusingmagneticfield and the kicker magneticfield. In addition, we will discusshe differencein the
pitch angleacceptancevhen changingthe weakfocusingfield flux.




Introduction ~the 3 -D Splral Injectlon~

A The PARC muon-8/EDM experiment (E34) will use an

How do we store the beam?
1.

unprecedented techniquaéhe ThreeDimensional Spiral Injectlon
Schemeto inject the beam into &6 cmdiameter storage orbit,
which is aboutl/20th of the previous experiment (BNES21).

The beam is injected into the storage

solenoid magnet moves in a spiral motion p=pE
usingthe fringe field of the solenoidmagnet paXi
Createa radial kicker magneticfield to give a g
vertical kick(Vertical force according to [
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Fleming'deft-nandrule).

This vertical kick guidesthe beam near the .
storageplane. 3
A weak focusing magnetic field holds the Dy
beam in Betatron oscillation and storesit in
an almost two-dimensional plane without

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

[H-orthe succes®f this injection, the generationof the kickerfield
that givesthis vertical kick is essentialand giving the accuratekick
and holdingit in the weak focusingmagneticfield is directly related  'mage of the beam orbit injected by the-B spiral injection
to the highinjection efficiencyof the beam 2

Vertical kick Storage plane




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

In order to establish the injection method, we will demonstrat
the 3-D spiral injection on an electron gun test bench which is N
scaleddown version of the production experiment.

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

| am mainly studying this kicker device arstbrage magnet .
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St X Prototype pulse magnetic fleld
CESSHEETE  Kicker device for our test bench &2
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Schematic diagram of the electron gun test bench at KEK



Pulse magnetic field kicker device

A Principle of Operation
A Create a radial magnetic field by applying a pulse current in the reverse direction to one turn coils symmetrica
above and below the storage plane.
A Advantages
A The pulse magnetic field generation time can span multiple cyclotron cycles.
A The solenoid axial magnetic field is a canceling magnetic field distribution.
A Vertical kick can be given without disturbing the orbital center because the kick field is axisymmetric.

Calculation result of the magnetic field
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Image of the kicker coil creating the kicker magnetic field Br and Bz [qauss]



Generation and distribution of weak focusing magnetic field

A Our storagesolenoidmagnetcan create the weak focusing Photo of the solenoid call inside the storage magnet
magnetic field around the storage plane by changingthe
currentbalancebetweenthe maincoilandthe auxiliarycoil.

A Thebeamcanbe held by betatron oscillationnearthe storage
planewithout usingan electricfield.

A'In this study, we consider three different models of weak
focusingmagneticfield : "none", "medium",and"strong".
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Magnetic field distribution of the weak focusing field 5




Change the weak focusing magnetic field flux

A Effect of different weak focusmg magnetic field distributions on the pitch angle acceptance
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Br[gauss] Examples of pitch angles for each weak focusing magnetic field model

A Consideration

A Thestrongerthe weak focusingmagneticfield is the largerthe pitch angleacceptancehat canbe stored.

A Forthe multi-particle model, the pitch anglealignment of the stored particles can be changedby tuning
the weak focusingmagneticfield.

¢ Kialanceof injection efficiencyneedsto be considered



Actual pulse current waveform

A Based on the specifications of the pulse power supply, the actual kicker device's current waveform sign
was acquired by CT.

A The pulse power supply alofigConfirmed to meet the specification.
A The pulse power supply + kicker Ebjilhe fall tlme iISLO0 ns which i Is dlfferent from the specmcatlon
Pulse current source

Specification

T C Kokercurentsignalas {1 1
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Currentrisetime 25ns Tr|ggerS|gnaI E
Current falltime 50 ns 3 E
Peak current 40 A(20 A+20 A) 2
_ Supply voltage 5 kV 1 | | _ _ _
Pulse power supply for kicker fo| Load inductance 1.5 pH O PNt domimtsbmbta=imrrepiritsc e Wi .“.\% L | T | o
the electron guntestbench | ¢ etition 50 Hz 400 -300 200 -100 /0 100. 200 300 400

Rise time Fall time time [ns]

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

Durationtime islongdueto the pulsepower supplylimitations.
HHow muchdoesthis changethe kickertiming?
Conductbeamorbit calculationswith a waveform closeto the actualcurrent waveform. v




Assume a triangular wave and n E DV td] beam orbit calculation

A As shown in the figure below, | definadriangular wavethat is close to the real waveform.
A Use the parameters in the figure askmse" for discussion. Change these parameters in this study and discus
A The time at the injection point is set to t0 = 0 ns. \n_—

A Parameters thatcan bechanged S| | F20dza Ay 3 YI 3y SO& O RRoifcHagler £ d
peak current, kicker coll position

Pulse current: I(t) = I f(¢t)
Peak current: I, = +40 [A]
Coil radius : 10.25 cm

Rise time : Fall time :

Injection point
(x0 [cm],y0 [cm],z0 [cm]) =(-10.88 11.71,-35.20)
pitch[mrad] 621 17




