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Abstract

The muon linear accelerator 1s under development at J-PARC for precise measurement of muon anomalous magnetic moment and electric dipole moment. Four 2592 MHz disk-
loaded structures (DLSs) operating in the TMO01-27/3 mode take charge of the acceleration of high-velocity muon from 70% to 94% of the speed of light. They have disk-1iris
apertures tapered to generate a quasi-constant gradient of 20 MV/m. Gradual variation 1n disk space at each cell 1s one of the structural features of the DLS for muon to
synchronize the accelerating phase with the changing speed of muon. Therefore, the dimensions of both end cells are significantly different. Two prototypes of RF couplers and
two 9-cell reference cavities with shapes of the end cells of the DLS at the first stage have been fabricated and tested. We validate our design RF parameters and establish a
method for tuning the DLS 1n this paper.

Motivation < 1om  Prototype Fabrication

F/rst staqe of the DLS section

- * Two 9-cell reference cavities e NauN W wu aunaun R mnaan ansan e munsanranrmsraunsannmige - | Cup-shaped structure integrating
S - and two RF couplers were fabricated.  “™ & ©%  adiskanda cylinder to simplify
o : : . : > the construction process and reduce
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to measure the muon g-2 [1] and coupler cell that couples with a single & :
to search for the muon EDM at J-PARC [2]. waveguide and two regular cells. £
< Muon acceleration is one of the key < The reference cavity is a constant- S Y E
development items to realize this experiment. impedance structure consists of eight e tF
¢ The required beam quality is as follows regular cells and two half cells. a
» a low transverse normalized emittance: ~1.57 mm mrad ¢ All regular cells have identical £ %
» asmall momentum spread: < 0.1% (RMS) at 300 MeV/c dimensions as the adjacent cell of the K S | oo“‘
< An unprecedented muon linear accelerator is under upstream or downstream coupler cell - Tl O
development to achieve the desired beam quality [3 4] » to validate the RF properties of the S SRS S
~ - regular cells . @‘\'" gl
RFQ IH-DTL DAW-CCLs ~DLSs A » to perform Nodal shift measurements o Py &% o A
Radio Frequency Inter-digital H-mode Disk And Washer Disk-Loaded Structure x4 . . < ,6 < < < T Brazed coupler & ref. caV1ty. T
Quadrupole Drift-Tube Linac Coupled Cavity Linac x14 Wlth pre(nsely tuned regular CeHS © (\9 © 8 @ (oxygen—free COppCI')
324 MHz 324 MHZ 1296 MHz 2592 MHz oo“‘
\/ @, . \/
5 Bl keV 03 MeV f MeV 40 MeV 212 MeV @ TMO1-7/2 mode Jantenna ¢ Shunt impedance by bead pull * Phase advance
/ (Coupler tuning accuracy)
Table 1: Main parameters of the DLS section Detune rod Copper bead :
. A The coupler was tuned using the
Muon cooling system Stage Ist  2nd  3rd  4th Kyhl method [7]
: ) Ant )
Silica aerogel target Structure type Dlsk'lcoaded “anelgl.g'W“e — The accuracy of the phase
| onization laser | quasi-Constant Gradient type - . 5 .
Operating frequency 2592 MHz = ® Upstream difference ~0.5° after tuning.
Accelerating mode TMO1-27/3 = O Downstream
/ 3 E'eCtrOdeS Muon velocity [%c] ~ 70-82  82-89 89-92  92-94 S G050/ \ _
# of regular cells 63 63 60 60 z Fishing line
Length [m] 197 221 223 230 g 0025 i
Surface muon Muonium Thermal muon Input RF power [MW] ~40 § 0.0001 @ ° 9 ® ¢ 2 . El
(4 1MeV) (25 meV) (5.6 keV) Gradient [MV/m] 196 208 213 214 2 0
%
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% Four muon-dedicated disk- 82 % e 2 P S S M B s L £ 259150, s
loaded traveling wave structures =3 & 0 3 Cell Number 2 2501.45 ,
. s & s0f 100 2 2 R
(DLSs) are responsible for = @ 0 £ % Dispersion curve ® 2591407 % ;ﬁ%’ﬁ%%“‘}
: : | - ( NN
accelerating the muons from 207 E & Quality factor O (TMO1-27/3 mode) e o
70% to 94% of the speed of e _ o om0
. - - : S : ® a 2 a 5 g q
llght Eé 28f - Antenna §~ —— Measurement E EL—JE i E E ELE i
. . . . n=, - sS 0.4 —-—- 2mr/3 mode component (A3 = 0.338) — H . N = Vgl N N '
< The disk spacing is proportional £Z it | S SSEEES
to the muon velocity to 5% — 59 ;
: : £5 plate 5502 ~7~—
synchronize the phase velocity 5 Z 5 Shift rod & measure
. . O < - i i i ] g Q0. I
of the electromagnetic field in R : 2610 EL . the phase difference of S11
the DLS. 160:_ L — I '5260' i 2600 110 120 130 140 150 160 170 180 o6
. o« e — Position [mm] stream
** The diameter of the iris cellmumber ( [ D] F s 8 Dpsream |
1 1 :>,2580- P A,_1: Fourier series coefficient for the 27/3 mode = i
ap ert.ures 15 tapered to O].Dtaln d §257o- | e ® Measurement (Upstream) AzﬂBzQL L:2 lgngth of a reference cavity g 122
quasi-constant accelerating 82560 [l by = e: permittivity of nitrogen gas 7 * = .
gradient Steps for impedance matching i T With T = 2574.79 and k = 0.0263 4 28 a 3f02 }li. ?e(slgfaﬁf gleeqfl(gr)llzirffe&de reference cavity 1207 & e
. ) . - _._. f=fypy1—kcosg 0 ; ® °
— The dimensions of the cells . 2540 , M 25RRA and km 00T e
differ si1 gIliﬁC antly at the Single-feed ° Phase Advance o [deg.] " Table 4: Comparison of the Simulated and Measured Shunt 116- o E
upstream and downstream ends. " Couplings are as expected. mpedance T T NN T S
. . . Cell Number
% The disk spacing 18 the ?Osis-seCtiol?% ?hige Table 3: Comparison of the Simulated and Measured Quality Parameters Upstream  Downstream
. o1 1CSS pca -T1€ FaCtOI' A 0.338 0.356 d l h .f
narrowest and the change is the 273 Nodal shift measurements
M d this set 9136.3/.870  10362/.877 .
largest in the first DLS Parameters Upstream _ Downstrearn Mesred shunt ¥ Some cells differed
' — . 30.3 44.1 .. o
Simulation w/o end plate 11314 12785 lsmpe(ilaﬂiie i [MQ/m] Slgnlﬁcanﬂy from 120°.
: Simulation w/ end plate 9840.2 11210 imulated shunt . .
Fabrlcate prOt?types Of L - Measurement w/ end plate 9490.2 10263 impedance [MQ/m] 27.56 43.14 Due to 1mperfeet detunlng
1St DLS tO Verlfy the feaS|b|I|ty. ?re?ceigt-shapec} cut [6] 96 4% 91 6% by the rod?
or field correction " "

Summary Prospects

¢ Muon accelerator is under development for J-PARC muon g-2/EDM experiment. O O for downstream ref. cavity: Check RF contacts around half-cells & measure again.
¢ Prototypes (reference cavities & couplers) of muon-dedicated DLS were fabricated O Z: Perform measurements with other bead or with a plunger.
to verify the feasibility.
** Frequency and coupling coefficient agreed well, but O and shunt impedance showed O Phase shift: Try to understand this situation using an equivalent circuit model.
deviation.
¢ Tuning by the Kyhl method appeared to be successful, but phase shift was visible in the O Further investigation of beam dynamics that are closer to the actual situation
Nodal shift measurement. based on these results.
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