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Introduction ~Muon g-2/EDM~

Muon Accelerator ~IH-DTL~

My study ~Diagnostic beamline~

Summary




Muon g-2 and EDM ol v e 313

- Interaction of ji and d w/ EM-field i
H=—iu-B—d-E

« Anomalous Magnetic Moment « Electric dipole moments (EDM)
a,, = g—_z N e C_f = 7’] € §
U 2 U= 92—%3 Zmuc

Phys. Rev. Lett. 126, 141801 (2021)
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New Physics!? CP violation!?

We measure g-2 and EDM using a new method!



Muon g-2/EDM experiment at J-PARC s 4

L

Requirement
Norm. total emittance < 1.5 # mm mrad
- Ap/p <0.1%

« Measure muon g-2 and EDM precisely

Final goal
g-2: 0.46—0.1 ppm
EDM: 10721 e cm

@9 Low-emittance beam

We are developing the world's first accelerator dedicated to muons
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 Alinac consists of four types of cavities
- Change the cavity to match the velocity 8 of the muon

thermalmuons — REQ IH-DTL DAW-CCL DLS
(Radio Frequency Quadrupole) (Interdigital H-mode (Disk and Washer CCL) (Disk Loaded TW structure)
324 MHz drift tube linac) 1296 MHz 2592 MHz
/_
@ - | ®
5.6 keV 0.3 MeV 4 MeV 40 MeV 212 MeV
B=0.01 0.08 0.3 0.7 0.9
+

« Low-velocity muon acceleration —
el AR ST L 2

- High efficiency and short-range acceleration are necessary. - i .

- Use m mode acceleration T —
—Accelerate at half cycle of Alvarez-DTL LA)2

- Use Alternating Phase Focusing (APF) method Synehronous phase = 0
=E-field convergence § -

APF IH-DTL Is used for muon acceleration
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What to do about IH-DTL e

« |[H-DTL has recently been fabricated. « Whattodois
. Acceleration test
o / -3 - @J-PARC MLF H2 area
- In 2024

- Check If muon can
accelerate up to 4 MeV

- Measure beam emittance
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1m Prepare for acceleration test
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The diagnostic beamline sonrvusaarss T3

: Steering magnet—Beam orbit correction

Measurement of position and

: Quadrupole magnet(x) Monitor/ time structure using MCP
—Transverse focusing
: Quadrupole magnet(y) o T T mmmm e s e .
/ \ ()
—J l |
: Bending magnet : :
! :
. . . 1
: Buncher— Longitudinal focusing : :\
1
1 I
o w ¥ : i @? Measure emittance
S o ST o ' :
: = o g ! ! using Q-scan
= s | / - ' o/
Tmwwsveegyr Swwweewepst JH-DTL — (oj? Momentum selection
160 _1207 ' R out
v oo = Monitor . .
, 2 SNl : \ Confirmation that the
GRS = SR LE £ beam is coming

A diagnostic beamline for acceleration test is needed
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* Use Q-scan to derive emittance
« Calculate emittance and twiss parameters(a, ) from the beam size and beam optics.

e Q-scan for x direction

(3Derive emittance from fitting

Menitor (2The beam width changes as %
the focal length varies w/ @D S :
: = . I
Buncher: off beam profle z \ ’I
\
o 0 ' O 3 A\ /
QM(x) B-field :weak strong m AN - »’
QM(y) : : B-field
: : Fit function
(DVarying B-field 1+ o2
o2 = BeTE — 2aeTy Ty, + TElez
22 M Ty1, Ty,: Coefficient including the value of B-field /
Evaluate the results by the following two
2 _ 2
Omeas. = Osim.
2 2

2
Omeass. Osim. + Omonitor resolution
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Flow of developing diagnostic beamling  sewwapsa 9

Preparation Evaluation

Correct the beam Evaluate the accuracy
trajectory after IH-DTL of the beam diagnosis
on GPT with steering w/ GPT

magnet

Readjustment

Design Design Magnet
Design the diagnostic Design the magnets
beamline w/ Trace3D required for beam

transportation and
estimate the accuracy

*GPT: Particle Tracking Tool
*Trace3D: Beam trajectory calculation tool using matrix calculations
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Design of diagnostic beamline o vk it 101

* Optimize focusing force of QM and buncher w/ Trace3D
- Avoid hitting the pipe as much as possible: Transport Efficiency 98%
- X before entering the BM isn’t spread out
- X and y after the BM aren’t spread out

H A= -7.1432 b= 6.9400 ; = = H A= 0.5756] B= 0.1055%
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15.000 mm X 15.000 mrad 10.000 peg X 100.00 kev 15.000 mm X 15,080 mraid 10.000 Deg X 100.00 keV
A
15.00 mm (H
Beam Pipe
radius: 15 mm M
I o gy g I " S
] ; NER 10 M 1215 1416
Envelope: T s
‘H\_\\\
X, Y, Z —
Length= 1343.62mm

This optics allows beam transport up to the monitor
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e 5: |||||||||||||||||||||||||||||| = '_'1 5_
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« Evaluated at 0.3 mm resolution of existing monitor

« Emittance is estimated to be 1% larger w/o monitor resolution, but decreases
by 42% w/ the resolution of the monitor.
— X and z are correlated in the BM, the fit function includes the z parameter,
but the resolution of the monitor only contributes to x.
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Evaluation(y-direction) seivaka s 1201
& SF T T T 1 Yy N ; .
€ 45F Red: Not including resolution of the monitor 3 @  Red: Notincluding resolution of the monitor
E. " Blue: Including resolution of the monitor 4 E qqL Blue: Including resolution of the monitor
s 4E -4 = [ Brown:Ideal case
E o /,-4’:,;/’ Emittance
—; _5f Ideal case 0.706
3 I Q-scan 0.648(-8%)
3 10
E . - Q-scan 1.016(+44%)
2 50 50 5 10 15
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« Evaluated at 0.3 mm resolution of existing monitor

 Emittance is estimated to be 8% smaller w/o monitor resolution
—There is an effect of beam loss by the pipe.

* And increases by 44% w/ the resolution of the monitor.
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* The real APF IH-DTL for the J-PARC muon g-2/EDM experiment has been
fabricated.

* Preparations are currently underway for an acceleration test in 2024.

« Diagnostic beamline was designed for acceleration test, allowing emittance
measurements with an error of -42% in the X-direction and +44% in the
Y-direction.



