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The muon anomalous magnetic moment (g - 2), is one of the most important
measurements in elementary particle physics. The most recent measurement of
(g - 2), at Brookhaven National Laboratory (BNL) results in more than 3o
discrepancy compared with the equally precise Standard Model prediction. This
disparity could be indicative of new physics beyond the standard model. To
resolve this discrepancy, a new muon’s g - 2/EDM (E34) experiment at J-PARC
aims to measure (g - 2), to a precision of 0.1 ppm and electric dipole moment
(EDM) down to the sensitivity of 1.5x10°2! e.cm. The key objective of
measuring (g - 2) . is to store spin polarized p* beam in a magnetic field and
evaluate the evolution of the spin precession vector. In the E34 experiment, a
muon beam with an emittance less than 0.57 mm-mrad and a momentum of 300
MeV/c from a muon accelerator will be injected into a compact 3-T solenoid
magnet. The muon beam will be stored on a 0.66 m diameter orbit. The solenoid
magnet will provide an unprecedented local field uniformity of 0.1 ppm (peak
to peak).

A new three-dimensional spiral injection scheme has been invented to inject
the beam into a compact solenoid magnet. This new injection scheme will
enhance injection efficiency and overcome technical challenges related to the
small storage orbit diameter. In the spiral injection scheme, the beam will be
injected at a vertical angle into the storage magnet. The radial component of
the fringe field of the solenoid magnet will decrease the vertical angle of the
beam as it approaches the midplane of the magnet. Finally, a magnetic pulsed
kicker will guide the beam to the storage volume where the beam will be stored
under a weak focusing field. However, the injection of the accelerated beam
into such a small storage orbit is unprecedented; therefore, a demonstration
experiment to establish the feasibility of this new injection scheme is
inevitable.

The purpose of this research was to develop a scale down Spiral Injection Test
Experiment (SITE) with an electron beam to demonstrate the ideology behind
this new injection scheme.



An electron beamline of a length of 2 m has been designed and constructed for
the SITE. The beamline consists of a triode-type thermionic electron gun with
a LaBs cathode to generate a DC electron beam of 80 keV with a beam current
of approximately 100 pA. Subsequently, a magnetic lens was placed to prevent
the growth of the beam. A collimator with a diameter of 3 mm and a length of
5 mm was placed at a distance of 0.7 m from the exit of the electron gun. A
pair of air-core steering coils has been installed to control the transverse
position of the 80 keV electron beam. Next, three rotation quadrupole magnets
were installed to control the beam phase space for the spiral injection. An
electron beam in a straight beam line was successfully commissioned and
confirmed at several locations via fluorescent screen monitors. The emittance
of the electron beam after collimation was measured by the quadrupole scan
method. The emittance value in the horizontal direction was estimated 0.61+0.05
mm-mrad and in the vertical direction, it was 0.41+£0.04 mm-mrad. In order to estimate
the beam transverse coupling strength a simple procedure was developed. The coupling
strength of the beam after the collimator was estimated to 0.2+0.6. This small value of
coupling means decoupled beam after the collimator.

A normal conducting solenoid-type storage magnet of field strength 82.5 Gauss
was designed and constructed to store the electron beam in an orbit with a
diameter of 0.24 m. In the case of SITE, the field index value “n” (strength of
weak focusing: 0<n<1) of 1.65x10°2 was set. This higher value of the field
index relaxes the phase space requirement and vertical kicker parameters for
SITE.

A non-invasive gas monitor was used to detect the electron beam track in the
storage magnet. A charge-coupled device (CCD) camera was used to observe
fluorescent light originating from the gas monitor. An electron beam track of
four turns in the vacuum chamber of the storage magnet was confirmed by this
gas monitor, which is a good qualitative tool to efficiently verify the electron
beam track inside the storage magnet. However, a gas monitor lacks the ability
to provide quantitative information about the position of the beam and the
profile in the storage magnet. Therefore, a special type of a wire scanner for
determining the beam position and measuring the profile in the solenoid magnet
was designed, constructed and successfully commissioned for SITE. Two wire
scanners were installed on the storage magnet to measure the beam profile and
beam evolution in the storage magnet.

Due to the axial symmetric field of the solenoid magnet, a strongly XY-coupled
beam is required. To produce the required phase space for the solenoid-type



storage magnet, a beam transport line consisting of three rotatable quadrupole
magnets has been designed and built for SITE. The vertical beam size reduction
by means of phase space matching and other geometrical information have been
successfully measured by the wire scanners and confirmed by the simulation.
The vertical beam size had been reduced to 25.68+0.31 mm with the phase
matching as compared to vertical beam growth of 78.41+£0.83 mm without any
rotatable quadrupole magnets.

To store the beam at the center of the storage magnet, a pulsed magnetic kicker
was designed and simulated. From simulation studies, the best design
parameters for the magnetic kicker have been determined. As explained earlier
in the case of SITE, the field index value of 1.65x102 was used. This value of
the field index allowed to use pulse width of 50 ns for the kicker. In addition,
it also provides a weak focusing trap of £50 mm at storage region. A tracking
simulation with the best beam phase space that can achieved by the three
rotatable quadrupole magnets has been performed. And it was estimated that
injection efficiency of 81% can be achieved for SITE.

The purpose of this study was to prove the ideology of 3-D spiral injection
scheme with the electron beam. The qualitative and quantitative details of the
vertical and horizontal beam profiles and positions inside the solenoid storage
magnet are one of the most important requisites for the successful 3-D spiral
injection. Therefore, a wire scanner type beam position and profile monitor was
developed for the SITE. The knowledge and experience of wire scanner
development to extract the beam profile and position for the SITE storage
magnet greatly helped to understand the beam behavior inside the solenoid
storage magnet. Moreover, it paved the way for the development of a similar
guantitative monitor for the successful 3-D spiral injection in the case of E34.
The method to measure the transverse beam coupling developed at the SITE
will also be implanted at E34 to estimate the coupling strength at the matching
point.

Hence, evidence from this study concludes that the novel 3-D spiral injection
scheme can be applied to the E34 storage magnet with the appropriate phase
space matching and a quantitative monitor for the solenoid type storage magnet.
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